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5RODQG�+DLW]�DQG�)UHG�.LVK��+HZOHWW�3DFNDUG�&RPSDQ\��3DOR�$OWR��&$������
-HII�7VDR�DQG�-HII�1HOVRQ��6DQGLD�1DWLRQDO�/DERUDWRULHV��$OEXTXHUTXH��10�����������
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'UDPDWLF� FKDQJHV� DUH� XQIROGLQJ� LQ� OLJKWLQJ� WHFKQRORJ\�� � 6HPLFRQGXFWRU� OLJKW� HPLWWLQJ� GLRGHV
�/('V���XQWLO�UHFHQWO\�XVHG�PDLQO\�DV�VLPSOH�LQGLFDWRU�ODPSV�LQ�HOHFWURQLFV�DQG�WR\V��KDYH�EHFRPH�DV
EULJKW�DQG�HIILFLHQW�DV�LQFDQGHVFHQW�EXOEV��DW�QHDUO\�DOO�YLVLEOH�ZDYHOHQJWKV���7KH\�KDYH�DOUHDG\�EHJXQ
WR� GLVSODFH� LQFDQGHVFHQW� EXOEV� LQ� PDQ\� DSSOLFDWLRQV�� SDUWLFXODUO\� WKRVH� UHTXLULQJ� GXUDELOLW\�
FRPSDFWQHVV�� FRRO� RSHUDWLRQ� DQG�RU� GLUHFWLRQDOLW\� �H�J��� WUDIILF�� DXWRPRWLYH�� GLVSOD\�� DQG
DUFKLWHFWXUDO�GLUHFWHG�DUHD�OLJKWLQJ��

)XUWKHU� PDMRU� LPSURYHPHQWV� LQ� WKLV� WHFKQRORJ\� DUH� EHOLHYHG� DFKLHYDEOH�� � 5HFHQWO\�� H[WHUQDO
HOHFWULFDO�WR�RSWLFDO� HQHUJ\� FRQYHUVLRQ� HIILFLHQFLHV� H[FHHGLQJ� ���� KDYH� EHHQ� DFKLHYHG� LQ� LQIUDUHG
OLJKW�HPLWWLQJ�GHYLFHV���,I�VLPLODU�HIILFLHQFLHV�DUH�DFKLHYHG�LQ�WKH�YLVLEOH��WKH�UHVXOW�ZRXOG�EH�WKH�KRO\
JUDLO�RI�OLJKWLQJ���D����OP�:�ZKLWH�OLJKW�VRXUFH�WZR�WLPHV�PRUH�HIILFLHQW�WKDQ�IOXRUHVFHQW�ODPSV��DQG
WHQ�WLPHV�PRUH�HIILFLHQW�WKDQ�LQFDQGHVFHQW�ODPSV�

7KLV�QHZ�ZKLWH� OLJKW� VRXUFH�ZRXOG� FKDQJH� WKH�ZD\�ZH� OLYH��DQG� WKH�ZD\�ZH� FRQVXPH� HQHUJ\�� �7KH�ZRUOGZLGH
DPRXQW�RI�HOHFWULFLW\�FRQVXPHG�E\�OLJKWLQJ�ZRXOG�GHFUHDVH�E\�PRUH�WKDQ������DQG�WRWDO�ZRUOGZLGH
FRQVXPSWLRQ�RI�HOHFWULFLW\�ZRXOG�GHFUHDVH�E\�PRUH� WKDQ������ �7KH�JOREDO�VDYLQJV�ZRXOG�EH�PRUH
WKDQ������7:K�\U�RI�HOHFWULFLW\�DW�D�YDOXH�RI�DERXW�86����%�\HDU��DORQJ�ZLWK�WKH�DSSUR[LPDWHO\����
PLOOLRQ�WRQV�RI�FDUERQ�HPLVVLRQV�FUHDWHG�GXULQJ�WKH�JHQHUDWLRQ�RI�WKDW�HOHFWULFLW\���0RUHRYHU��PRUH
WKDQ����*:�RI�HOHFWULFLW\�JHQHUDWLQJ�FDSDFLW\�ZRXOG�EH�IUHHG�IRU�RWKHU�XVHV�RU�ZRXOG�QRW�QHHG�WR�EH
FUHDWHG��D�VDYLQJV�RI�RYHU�86���%�RI�FRQVWUXFWLRQ�FRVW�

%ULQJLQJ� DERXW� VXFK� UHYROXWLRQDU\� LPSURYHPHQWV� LQ� SHUIRUPDQFH� ZLOO� UHTXLUH� D� FRQFHUWHG
QDWLRQDO� HIIRUW��RI� WKH�RUGHU�����%�RYHU� WHQ� \HDUV�� WDFNOLQJ� D�EURDG� VHW�RI� LVVXHV� LQ� VHPLFRQGXFWRU
OLJKWLQJ� WHFKQRORJ\�� �7KH�HIIRUW�ZRXOG�DOVR� UHTXLUH�KDUQHVVLQJ� WKH�PRVW� DGYDQFHG�KLJK�WHFKQRORJ\
FRPSDQLHV��WKH�EHVW�QDWLRQDO�ODERUDWRU\�UHVRXUFHV��DQG�WKH�PRVW�FUHDWLYH�XQLYHUVLW\�UHVHDUFKHUV�LQ�WKLV
DUHD�

�����������������������������������������������������
�� 7KLV�ZKLWH� SDSHU�ZDV� ILUVW� SUHVHQWHG� SXEOLFO\� DW� WKH� �����2SWRHOHFWURQLFV� ,QGXVWU\�'HYHORSPHQW�$VVRFLDWLRQ� �2,'$�
IRUXP�LQ�:DVKLQJWRQ�'&�RQ�2FWREHU���������
��5HYLVLRQ�%�����������
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(QHUJ\� LV� WKH� OLIHEORRG� RI� RXU� HFRQRP\�� DQG� D� FULWLFDO� EXLOGLQJ� EORFN� IRU� JOREDO� SHDFH� DQG
VHFXULW\�� � ,WV� JHQHUDWLRQ� LQFXUV� KXJH� FRVWV�� � ERWK� GLUHFW� HFRQRPLF� FRVWV� DV� ZHOO� DV� LQGLUHFW
HQYLURQPHQWDO�FRVWV��VPRJ�DQG�SDUWLFXODWH�HPLVVLRQV��DFLG�UDLQ��JOREDO�ZDUPLQJ��ZDVWH�GLVSRVDO��HWF��
$QG�� WKH� GLUHFW� HFRQRPLF� FRVWV� ZLOO� RQO\� LQFUHDVH� DV� FRQFHUQ� KHLJKWHQV� RYHU� KRZ� WR� UHGXFH� WKH
LQGLUHFW�HQYLURQPHQWDO�FRVWV��� �$V�D�FRQVHTXHQFH�� WKHUH� LV�JUHDW�EHQHILW� WR�HQKDQFLQJ�WKH�HIILFLHQF\
ZLWK�ZKLFK�HQHUJ\�LV�XVHG����YLUWXDOO\�DOO�PDMRU�HQHUJ\�FRQVXPHUV�IURP�WUDQVSRUWDWLRQ�WR�KHDWLQJ�WR
WKH�YDULRXV�XVHUV�RI�HOHFWULFLW\�DUH�FRQVWDQWO\�EHLQJ�H[DPLQHG�IRU�HQHUJ\�VDYLQJ�RSSRUWXQLWLHV�

)LJXUH�����:RUOG��OHIW��DQG
8�6���ULJKW��FRQVXPSWLRQ�RI
HQHUJ\�IRU�XVH�LQ�DOO�IRUPV
�EOXH���IRU�XVH�LQ�HOHFWULFLW\
JHQHUDWLRQ��SLQN���DQG�IRU�XVH
LQ�LOOXPLQDWLRQ��JUHHQ�����2QH
4XDG��RQH�TXDGULOOLRQ
%78V��RI�SULPDU\�HQHUJ\
FRQVXPHG�LV�URXJKO\
HTXLYDOHQW��DIWHU�HQHUJ\
FRQYHUVLRQ�DQG�WUDQVPLVVLRQ
ORVVHV��WR���7:K�RI
HOHFWULFLW\�DW�WKH�ZDOO�SOXJ�

$PRQJ� WKH�PRVW�ZLGHVSUHDG�� LPSRUWDQW�� DQG� JURZLQJ� XVHV� RI� HQHUJ\� LV� WKH� HOHFWULFLW\� XVHG� IRU
OLJKWLQJ�� �$V� LOOXVWUDWHG� LQ�)LJXUH���� LQ� WKH�8�6��� DERXW�����RI�DOO� HOHFWULFLW\� FRQVXPHG��� DQG�DERXW
�����RI�DOO�HQHUJ\�FRQVXPHG��FDQ�EH�HVWLPDWHG�WR�EH�XVHG�IRU�OLJKWLQJ���,Q�������WKH�FRVW�ZDV�DERXW
���� TXDGV� RI� SULPDU\� IXHO� HQHUJ\� �ZLWK� DQ� DVVRFLDWHG� ����PLOOLRQ� WRQV� RI� FDUERQ� HPLVVLRQV��� DQG
DERXW����7:K�RI�DFWXDO�HOHFWULFLW\�FRQVXPHG�DW�D�FRVW�RI�DERXW�86���%���:RUOGZLGH��DERXW������RI
DOO� HQHUJ\� FRQVXPHG� FDQ� EH� HVWLPDWHG� WR� EH� XVHG� IRU� OLJKWLQJ�� D� SHUFHQWDJH� WKDW� LV� H[SHFWHG� WR
LQFUHDVH�ZLWK�VWDQGDUG�RI� OLYLQJ�� � ,Q������� WKH�ZRUOGZLGH�FRVW�ZDV�DERXW����TXDGV�RI�SULPDU\� IXHO
HQHUJ\� �ZLWK� DQ� DVVRFLDWHG� ����PLOOLRQ� WRQV� RI� FDUERQ� HPLVVLRQV��� DQG� DERXW� �����7:K� RI� DFWXDO
HOHFWULFLW\�FRQVXPHG�DW�D�FRVW�RI�DERXW�86����%�

%HFDXVH�RI�WKLV�ODUJH�FRQWULEXWLRQ�RI�OLJKWLQJ�WR�ZRUOGZLGH�HQHUJ\�FRQVXPSWLRQ��LW�LV�QR�ZRQGHU
WKDW�WKH�OLJKWLQJ�LQGXVWU\�UHFHLYHV�LWV�IDLU�VKDUH�RI�LQTXLULHV�UHJDUGLQJ�HQHUJ\�UHGXFWLRQ���,Q�������WKH
WKUHH�PDMRU�86�OLJKWLQJ�PDQXIDFWXUHUV�²�*(�/LJKWLQJ��2VUDP�6\OYDQLD�DQG�1RUWK�$PHULFDQ�3KLOLSV

�����������������������������������������������������
��,Q�WKH�.\RWR�3URWRFRO�RI��������H�J���WKH�GHYHORSHG�QDWLRQV�DJUHHG�WR�OLPLW�WKHLU�JUHHQKRXVH�JDV�HPLVVLRQV��UHODWLYH�WR�WKH
OHYHOV�HPLWWHG�LQ������� �7KH�8QLWHG�6WDWHV�DJUHHG�WR�UHGXFH�HPLVVLRQV�IURP������OHYHOV�E\����GXULQJ� WKH�SHULRG������WR
�����
��:RUOG�GDWD�WDNHQ�IURP�WKH�,QWHUQDWLRQDO�(QHUJ\�$JHQF\��KWWS���ZZZ�LHD�RUJ���DQG�DVVXPLQJ�SURMHFWHG�HQHUJ\��HOHFWULFLW\
DQG� LOOXPLQDWLRQ� JURZWK� UDWHV� RI� ������ ����� DQG� ������ � 8�6�� GDWD� WDNHQ� IURP� WKH� (QHUJ\� ,QIRUPDWLRQ� $GPLQLVWUDWLRQ
�KWWS���ZZZ�HLD�GRH�JRY��� DQG� DVVXPLQJ� SURMHFWHG� HQHUJ\�� HOHFWULFLW\� DQG� LOOXPLQDWLRQ� JURZWK� UDWHV� RI� ������ � :H
DFNQRZOHGJH�*HUDOG�+HQGULFNVRQ�DQG�$UQROG�%DNHU�DW�6DQGLD�1DWLRQDO�/DERUDWRULHV�IRU�DVVLVWDQFH�LQWHUSUHWLQJ�WKH�GDWD�
��$FFRUGLQJ�WR�D�UHFHQW�(35,�UHSRUW��75����������WKH�IRXU�WRS�HOHFWULFLW\�FRQVXPLQJ�DSSOLFDWLRQV�LQ�WKH�8�6��LQ������ZHUH�
HOHFWULF� PRWRUV� ������� FRROLQJ�UHIULJHUDWLRQ� ������� OLJKWLQJ� ������� DQG� VSDFH�ZDWHU� KHDWLQJ� ������� � 7KHVH� SHUFHQWDJHV
LQFOXGH�WKH�WKUHH�PDMRU�PDUNHW�VHJPHQWV����UHVLGHQWLDO��FRPPHUFLDO�DQG�LQGXVWULDO����EXW�QRW�VWUHHW�OLJKWV��WUDIILF�VLJQDOV��QRU
WKH� XVH� RI� HOHFWULFLW\� WR� UHPRYH� WKH� KHDW� JHQHUDWHG� E\� OLJKWLQJ� LQ� DLU�FRQGLWLRQHG� EXLOGLQJV�� � 7KH� ,QGXVWULDO� /LJKWLQJ
KDQGERRN�HVWLPDWHV� WKDW� LW� WDNHV���N:�RI�HOHFWULFLW\� LQ� WKH�DLU�FRQGLWLRQLQJ�V\VWHP�WR�UHPRYH���N:�RI�KHDW�JHQHUDWHG�E\
OLJKWLQJ���$IWHU�LQFOXGLQJ�WKH�DERYH�RPLVVLRQV��LW�LV�VDIH�WR�VD\�WKDW��LQ�WKH�8�6���OLJKWLQJ�FRQVXPHV�DW�OHDVW�����RI�HOHFWULFLW\
DQG�UDQNV�D�FORVH�VHFRQG�WR�WKH�����FRQVXPHG�E\�HOHFWULF�PRWRUV�
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²�VSRQVRUHG�D�WKUHH�GD\�ZRUNVKRS�WR�LGHQWLI\�SURPLVLQJ�UHVHDUFK�DUHDV�IRU�LPSURYLQJ�WKH�HIILFLHQF\
RI�ZKLWH�OLJKW�VRXUFHV��7KLV�ZRUNVKRS�FRQILUPHG�WKDW��OLJKWLQJ�FRQVXPHV�DERXW�����RI�WKH�HOHFWULF
SRZHU�SURGXFWLRQ�RI�WKH�QDWLRQ����2QH�RI�WKH�PRVW�UHYHDOLQJ�ILJXUHV�LQ�WKH�UHVXOWLQJ�(35,�UHSRUW��LV
D� JUDSK� RI� OXPLQRXV� HIILFLHQF\� YV�� WLPH� IRU� WKH� PDMRU� �WUXH�� ZKLWH� OLJKW� VRXUFHV�� LQFDQGHVFHQW�
KDORJHQ��DQG�IOXRUHVFHQW�ODPSV���$V�LOOXVWUDWHG�LQ�)LJXUH����QRQH�RI�WKHVH�ZRUNKRUVH�WHFKQRORJLHV�KDV
VKRZQ�DQ\�VLJQLILFDQW�HIILFLHQF\�LPSURYHPHQWV�GXULQJ�WKH�SUHFHGLQJ����\HDUV�

)LJXUH�����&RQGHQVHG�KLVWRU\�DQG�SURMHFWLRQ
RI�HIILFLHQFLHV��LQ�OP�:��RI�YDFXXP�WXEH
�LQFDQGHVFHQW��KDORJHQ�DQG�IOXRUHVFHQW��DQG
VHPLFRQGXFWRU��/('��ZKLWH�OLJKWLQJ
WHFKQRORJLHV�

7KHUH� LV�� KRZHYHU�� RQH� VWULNLQJ
H[FHSWLRQ�� � /LJKW� HPLWWLQJ� GLRGHV
�/('V���D����\HDU�ROG�VHPLFRQGXFWRU
WHFKQRORJ\�� KDYH� VWHDGLO\� LPSURYHG
WKHLU�HIILFLHQFLHV�DQG�SRZHU� OHYHOV� WR
WKH� SRLQW� ZKHUH� WKH\� DUH� NQRFNLQJ
LQFDQGHVFHQW� DQG� KDORJHQ� ODPSV� RXW
RI� VXFK� WUDGLWLRQDO� PRQRFKURPH

OLJKWLQJ�DSSOLFDWLRQV�VRFNHWV�DV�WUDIILF�OLJKWV�DQG�DXWRPRWLYH�WDLO�OLJKWV���$QG��D�UHFHQW�EUHDNWKURXJK
LQ�WKH�JUHHQ�DQG�EOXH�PDNHV�/('V�D�VHULRXV�FRQWHQGHU�IRU�FRQYHQWLRQDO�ZKLWH�OLJKWLQJ�

,W�LV�WKH�SXUSRVH�RI�WKLV�ZKLWH�SDSHU�WR�FDOO�DWWHQWLRQ�WR�WKLV�QHZ�OLJKWLQJ�WHFKQRORJ\�DQG�WR�WKH�SRWHQWLDO�LPSDFW�RI�D
FRQFHUWHG� QDWLRQDO� HIIRUW� WR� DGYDQFH� LW� IXUWKHU�� � 6XFK� DQ� HIIRUW� ZRXOG� ILOO� D� QHHG� LGHQWLILHG� E\� WKH� 8�6�
'HSDUWPHQW�RI�(QHUJ\�IRU�UHVHDUFK�LQ�DGYDQFHG�OLJKWLQJ�WHFKQRORJLHV��� �$QG��VXFK�DQ�HIIRUW�ZRXOG
WDUJHW�WKH�WHFKQRORJ\�ZH�EHOLHYH�KDV�WKH�KLJKHVW�SRWHQWLDO�WR�FUHDWH�DQ�LGHDO�OLJKWLQJ�VRXUFH��ERWK�LQ
TXDOLW\�DQG�LQ�FRVW�� �/('V�DQG�WKHLU�VHPLFRQGXFWRU�YDULDQWV�DUH�YLVXDOO\�DSSHDOLQJ��FRQYHQLHQW�DQG
HQYLURQPHQWDOO\� IULHQGO\�� DQG� LW� LV� RXU� DVVHVVPHQW� WKDW� WKH\� KDYH� D� UHDOLVWLF� VKRW� DW� UHDFKLQJ� WKH
LQGXVWU\�QLUYDQD�RI�DQ�HIILFLHQF\�RI����OP�:�

,I�VHPLFRQGXFWRU�OLJKWLQJ�FDQ�DFKLHYH�WKLV�JRDO�WKURXJK�D�FRQFHUWHG�QDWLRQDO�HIIRUW��WKH�OLJKWLQJ
LQGXVWU\�ZRXOG�EH�UHYROXWLRQL]HG�� �$Q�HIILFLHQF\�RI����OP�:� �ZRXOG�EH�PRUH� WKDQ��[�EHWWHU� WKDQ
WKDW� RI� IOXRUHVFHQW� ODPSV� ���OP�:��� DQG� PRUH� WKDQ� ��[� EHWWHU� WKDQ� WKDW� RI� LQFDQGHVFHQW� ODPSV
���OP�:��� � ,I� FXUUHQW� OLJKWLQJ�� ZLWK� DQ� DJJUHJDWH� HIILFLHQF\� RI� URXJKO\� ��OP�:� �LQ� EHWZHHQ� WKH
HIILFLHQFLHV�RI�IOXRUHVFHQW�DQG�LQFDQGHVFHQW�ODPSV���ZHUH�UHSODFHG�E\�VHPLFRQGXFWRU�OLJKWLQJ�ZLWK�DQ
DJJUHJDWH�HIILFLHQF\�RI����OP�:��VRPHZKDW�OHVV�WKDQ�WKH�WDUJHW��� WKHQ�WKH�HOHFWULFLW\�FXUUHQWO\�XVHG
IRU� LOOXPLQDWLRQ� ZRXOG� GHFUHDVH� E\� D� IDFWRU� RI� WKUHH�� IURP� �����7:K� WR� ���7:K�� � 7KLV� ZRXOG
UHSUHVHQW�D�GHFUHDVH�LQ�JOREDO�HOHFWULFLW\�XVH�RI�DERXW������DQG�D�GHFUHDVH�LQ�JOREDO�HQHUJ\�XVH�DQG
DVVRFLDWHG�FDUERQ�HPLVVLRQV�RI������

,Q�VRPH�ZD\V�VXFK�D�UHYROXWLRQ�LQ� OLJKWLQJ�FRXOG�EH�FRPSDUHG� WR� WKH�UHYROXWLRQ� LQ�HOHFWURQLFV
WKDW�EHJDQ����\HDUV�DJR�DQG�LV�RQO\�QRZ�UHDFKLQJ�PDWXULW\���-XVW�DV�IRU�HOHFWURQLFV��JODVV�EXOEV�DQG
WXEHV�ZRXOG� JLYH�ZD\� WR� VHPLFRQGXFWRUV�� �$QG�� MXVW� DV� IRU� HOHFWURQLFV�� WKH� LQFUHDVHG� LQWHJUDELOLW\�
GHQVLW\�� SHUIRUPDQFH�� DQG� PDVV� PDQXIDFWXUDELOLW\� RI� VHPLFRQGXFWRUV� PD\� GULYH� DQ� H[SORVLRQ� RI
DGGLWLRQDO�� QRW�\HW�WKRXJKW�RI�XVHV� IRU� OLJKWLQJ�� �2QH� FDQ� HYHQ� VSHFXODWH� RQ� YLVLRQDU\� FRQFHSWV� LQ

�����������������������������������������������������
��7KH�ZRUNVKRS�LV�VXPPDUL]HG�LQ�(35,�UHSRUW�75��������
��7KLV� QHHG�KDV�EHHQ� LGHQWLILHG� LQ� WKH�'HSDUWPHQW�RI�(QHUJ\
V� RQJRLQJ� �9LVLRQ� ������ OLJKWLQJ� WHFKQRORJ\� URDGPDSSLQJ
DFWLYLW\�� � ,W� KDV� DOVR�EHHQ� LGHQWLILHG� VHSDUDWHO\� E\� WKH�'HSDUWPHQW�RI�(QHUJ\
V�2IILFH� RI�%XLOGLQJ�7HFKQRORJ\�� 6WDWH� DQG
&RPPXQLW\� 3URJUDPV�� ZKRVH� SURJUDP� SODQ� FRQVLVWV� RI� WKUHH� RYHUDOO� JRDOV�� � ���� $FFHOHUDWH� WKH� LQWURGXFWLRQ� RI� KLJKO\
HIILFLHQW� WHFKQRORJLHV� DQG� SUDFWLFHV� WKURXJK� UHVHDUFK� DQG� GHYHORSPHQW�� ���� ,QFUHDVH� PLQLPXP� HIILFLHQF\� RI
EXLOGLQJV�HTXLSPHQW� WKURXJK� FRGHV�� VWDQGDUGV� DQG� JXLGHOLQHV�� DQG� ���� (QFRXUDJH� XVH� RI� HQHUJ\� HIILFLHQW� WHFKQRORJ\
WKURXJK�WHFKQRORJ\�WUDQVIHU�DQG�ILQDQFLDO�DVVLVWDQFH�
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ZKLFK� LQIRUPDWLRQ� DQG� LOOXPLQDWLRQ� WHFKQRORJLHV� FRPELQH� WR� FUHDWH� XOWUD�IDVW� ZLUHOHVV� ORFDO�DUHD
QHWZRUNV�WKDW�DUH�PHGLDWHG�WKURXJK�EXLOGLQJ�OLJKWV�

:H�EHJLQ�WKLV�ZKLWH�SDSHU�LQ�6HFWLRQ���ZLWK�D�EULHI�KLVWRU\�RI�/('�WHFKQRORJ\��DQG�FRPSDUH�LWV
FXUUHQW�DQG�SURMHFWHG�SHUIRUPDQFH�DQG�FRVW�ZLWK�WKRVH�RI�FRQYHQWLRQDO�WHFKQRORJ\���,Q�6HFWLRQ����ZH
GLVFXVV� LWV� SHQHWUDWLRQ� �DQG� UHSODFHPHQW� RI� FRQYHQWLRQDO� WHFKQRORJ\�� LQ� VLJQDOLQJ� DQG� OLJKWLQJ
DSSOLFDWLRQV�� � :H� H[SHFW� /('� SHQHWUDWLRQ� LQWR� VLJQDOLQJ� DSSOLFDWLRQV�� FXUUHQWO\� GRPLQDWHG� E\
LQHIILFLHQW� ILOWHUHG� LQFDQGHVFHQW� ODPSV�� WR� EH� UDSLG�� DQG� WR� GULYH� FRQWLQXHG� LPSURYHPHQWV� LQ
SHUIRUPDQFH�DQG�FRVW���7KHVH�LPSURYHPHQWV�ZLOO��LQ�WXUQ��HQDEOH�JUDGXDO�SHQHWUDWLRQ�RI�/('V�LQWR
OLJKWLQJ� DSSOLFDWLRQV�� FXUUHQWO\� GRPLQDWHG� E\� D� PL[� RI� � LQFDQGHVFHQW� DQG� IOXRUHVFHQW� ODPSV�
$OWKRXJK� WKH� SHQHWUDWLRQ� ZLOO� EH� JUDGXDO�� LWV� JOREDO� LPSDFW� ZLOO� DOUHDG\� EH� YHU\� VLJQLILFDQW�� VLQFH
OLJKWLQJ�UHSUHVHQWV�VXFK�D�ODUJH�IUDFWLRQ�RI�JOREDO�HQHUJ\�FRQVXPSWLRQ���,Q�6HFWLRQ����ZH�GHVFULEH�DQ
HFRQRPLF�PRGHO�IRU�WKDW�JOREDO�LPSDFW�

:H�EHOLHYH�PXFK�PRUH�GUDPDWLF� LPSURYHPHQWV� WR�EH�SRVVLEOH�� � ,Q�6HFWLRQ���ZH�GLVFXVV� VXFK
LPSURYHPHQWV�� WKH� UHVXOWLQJ� DFFHOHUDWLRQ� RI� WKH� SHQHWUDWLRQ� RI� VHPLFRQGXFWRU� ODPSV� LQWR� OLJKWLQJ
DSSOLFDWLRQV��DQG�WKH�UHVXOWLQJ�KXJH�LPSDFW�RQ�JOREDO�HQHUJ\�FRQVXPSWLRQ���)LQDOO\��LQ�6HFWLRQ���ZH
GLVFXVV� LQ� JHQHUDO� WHUPV� WKH� GDXQWLQJ� WHFKQLFDO� FKDOOHQJHV�� DQG� WKH� PDJQLWXGH� DQG� QDWXUH� RI� D
QDWLRQDO�UHVHDUFK�SURJUDP�WKDW�PLJKW�HQDEOH�WKHVH�FKDOOHQJHV�WR�EH�RYHUFRPH�

���+,6725<�$1'�352-(&7,21�2)�/('�3(5)250$1&(�$1'
&203$5,621�:,7+�&219(17,21$/�/$036

/('V�KDYH�KDG�D� �FRORUIXO��KLVWRU\�� DOWHUQDWHO\�SXVKHG�E\� WHFKQRORJ\� DGYDQFHV� DQG�SXOOHG�E\
NH\�DSSOLFDWLRQV���7KH�ILUVW�GHPRQVWUDWLRQ�ZDV�LQ������E\�*HQHUDO�(OHFWULF���7KH�ILUVW�SURGXFWV�ZHUH
LQWURGXFHG�LQ��������LQGLFDWRU�ODPSV�E\�0RQVDQWR�DQG�WKH�ILUVW�WUXO\�HOHFWURQLF�GLVSOD\��D�VXFFHVVRU
WR� WKH� DZNZDUG�1L[LH� WXEH�� E\�+HZOHWW�3DFNDUG�� � 7KH� LQLWLDO� SHUIRUPDQFH� RI� WKHVH� SURGXFWV� ZDV
SRRU�� DURXQG� �POP� DW� ��P$�� DQG� WKH� RQO\� FRORU� DYDLODEOH� ZDV� D� GHHS� UHG��� � 6WHDG\� SURJUHVV� LQ
HIILFLHQF\�PDGH�/('V�YLHZDEOH� LQ�EULJKW� DPELHQW� OLJKW�� HYHQ� LQ� VXQOLJKW�� DQG� WKH� FRORU� UDQJH�ZDV
H[WHQGHG�WR�RUDQJH��\HOORZ�DQG�\HOORZ�JUHHQ���:LWKLQ�D�IHZ�\HDUV��/('V�UHSODFHG�LQFDQGHVFHQW�EXOEV
IRU�LQGLFDWRU�ODPSV��DQG�/('�GLVSOD\V�NLOOHG�WKH�1L[LH�WXEH�

)LJXUH�����)OX[�DQG�QXPEHUV�RI�ODPSV
UHTXLUHG�IRU�YDULRXV�FODVVHV�RI�/('
DSSOLFDWLRQV��ORZ�PHGLXP�IOX[��VLJQDOLQJ�
DSSOLFDWLRQV��LQ�ZKLFK�ODPSV�DUH�YLHZHG
GLUHFWO\��DQG�PHGLXP�KLJK�IOX[��OLJKWLQJ�
DSSOLFDWLRQV��LQ�ZKLFK�ODPSV�DUH�XVHG�WR
LOOXPLQDWH�REMHFWV���&XUUHQW�/('�ODPSV
HPLW��������OP�RI�OLJKW�

8QWLO� ������ /('V� ZHUH� OLPLWHG
WR�VPDOO�VLJQDO�DSSOLFDWLRQV�UHTXLULQJ
OHVV� WKDQ� ���POP� RI� IOX[� SHU

LQGLFDWRU�IXQFWLRQ�RU�GLVSOD\�SL[HO���$URXQG�������/('V�VWDUWHG�WR�VWHS�EH\RQG�WKHVH�ORZ�IOX[�VPDOO
VLJQDO�DSSOLFDWLRQV�DQG�WR�HQWHU�WKH�PHGLXP�IOX[�SRZHU�VLJQDOLQJ�DSSOLFDWLRQV�ZLWK�IOX[�UHTXLUHPHQWV
RI������OP��VHH�)LJXUH������7KH�ILUVW�DSSOLFDWLRQ�ZDV�WKH��QHZO\�UHTXLUHG�FHQWHU�KLJK�PRXQW�VWRS�OLJKW
�&+06/��LQ�DXWRPRELOHV���7KH�ILUVW�VROXWLRQV�ZHUH�FUXGH�DQG�EUXWH�IRUFH������LQGLFDWRU�ODPSV�LQ�D
URZ�RU�LQ�D�WZR�GLPHQVLRQDO�DUUD\���,W�GLG�QRW�WDNH�ORQJ�WR�UHDOL]H�WKDW�PRUH�SRZHUIXO� ODPSV�FRXOG
UHGXFH�WKH�ODPS�FRXQW��D�VLJQLILFDQW�FRVW�DGYDQWDJH���7KLV�ZDV�WKH�ILUVW�VLWXDWLRQ�ZKHUH�HIILFLHQF\�EHFDPH�DQ

�����������������������������������������������������
��)RU�FRPSDULVRQ��D���:�LQFDQGHVFHQW�ODPS�HPLWV���RUGHUV�RI�PDJQLWXGH�KLJKHU�OLJKW�IOX[��DERXW����OP��

10-... lamps/function

Small Signal
(monochrome) 1 lamp/function

Power Signal
(monochrome)

 1-100 lamps/function

Lighting
(white)

0.001 0.01 0.1 1 10 100 1000 10000

Flux (lm)
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LVVXH�DQG�IRU�ZKLFK�WKH�PDUNHW�ZDV�ZLOOLQJ�WR�SD\�D�SUHPLXP����6R��LQ�WKH�ODWH�����·V��ZH�VDZ�WKH�ILUVW�KRUVH
UDFH� IRU� HIILFLHQF\� LPSURYHPHQWV�� �%\������� HIILFLHQFLHV� UHDFKHG���OP�:� LQ� WKH�*D$O$V�PDWHULDOV
V\VWHP��IRU�WKH�ILUVW�WLPH�H[FHHGLQJ�WKDW�RI�HTXLYDOHQW�UHG�ILOWHUHG�LQFDQGHVFHQW�ODPSV���1HYHUWKHOHVV�
HYHQ� KLJKHU� HIILFLHQFLHV� ZHUH� GHVLUHG� WR� FRQWLQXH� WR� GHFUHDVH� WKH� QXPEHU� RI� ODPSV� UHTXLUHG� SHU
YHKLFOH���3OXV��WKH�*D$O$V�V\VWHP�ZDV�OLPLWHG�LQ�FRORU�WR�D�GHHS�UHG��DERYH����QP�

7KLV�KRUVH�UDFH�WULJJHUHG�WKH�H[SORUDWLRQ�RI�QHZ�PDWHULDOV�V\VWHP�ZLWK�VWLOO�KLJKHU�HIILFLHQF\�DQG
D�ZLGHU�FRORU� UDQJH�� �)LUVW� HPHUJHG�*D$O,Q3�PDWHULDOV�� FRYHULQJ� WKH� UDQJH�RI� UHG� WR�\HOORZ�JUHHQ
DQG� TXLFNO\� H[FHHGHG� ��OP�:� LQ� WKH� ���QP� UHG�RUDQJH� SDUW� RI� WKH� VSHFWUXP�� ,Q� ������ +HZOHWW�
3DFNDUG�SURMHFWHG�D�URRP�WHPSHUDWXUH�HIILFLHQF\�RI���OP�:�E\�WKH�<HDU�������ZLWK�D� WKHRUHWLFDOO\
SRVVLEOH� HIILFLHQF\� RI� ���OP�:� WKDW� FRXOG� FKDOOHQJH� WKDW� RI� HYHQ� WKH�PRVW� HIILFLHQW� FRQYHQWLRQDO
OLJKW� VRXUFH�� WKH� \HOORZ� ORZ�SUHVVXUH� VRGLXP� ODPS�� �7KLV�SURMHFWLRQ� VSDZQHG� D� MRLQW� YHQWXUH�ZLWK
3KLOLSV��DQG�DFFHOHUDWHG�WKH�XVH�RI�/('V�LQ�SRZHU�VLJQDOLQJ�DSSOLFDWLRQV�

,Q� ������ WKHUH� ZDV� DQRWKHU� EUHDNWKURXJK� LQ� /('� WHFKQRORJ\�� %DVHG� RQ� ZRUN� DW� VHYHUDO
XQLYHUVLWLHV�� ERWK� LQ� WKH�86� DQG� -DSDQ��1LFKLD�&KHPLFDO�&RUSRUDWLRQ� LQ� -DSDQ� DQQRXQFHG� D� IDLUO\
HIILFLHQW�EOXH�PDWHULDO��*D1���(IILFLHQF\�LPSURYHPHQWV�IROORZHG�TXLFNO\��WRJHWKHU�ZLWK�DQ�H[WHQVLRQ
RI�WKH�FRORU�UDQJH�IURP�EOXH�WR�JUHHQ���������QP��� �1RZ��/('V�FRXOG�FRYHU�SUDFWLFDOO\�WKH�HQWLUH
YLVLEOH� VSHFWUXP�� HQDEOLQJ� WKHLU� HQWU\� LQWR� DGGLWLRQDO� SRZHU� VLJQDOLQJ� DSSOLFDWLRQV� VXFK� DV� WUDIILF
OLJKWV�

)LJXUH�����+LVWRULFDO�DQG�SURMHFWHG
HYROXWLRQ�RI�WKH�SHUIRUPDQFH��OP�SDFNDJH�
DQG�FRVW����OP��IRU�FRPPHUFLDOO\�DYDLODEOH
UHG�/('V���7KLV�GDWD�ZDV�FRPSLOHG�E\
5��+DLW]�IURP�+3�KLVWRULFDO�UHFRUGV�

%HIRUH� JRLQJ� RQ�� ZH� ZDQW� WR
HPSKDVL]H�KHUH�WKH� LPSRUWDQFH�RI
WKH� SRZHU� VLJQDOLQJ� PDUNHW� RQ
/('� HYROXWLRQ�� � 7KH� SHQHWUDWLRQ
RI� /('V� LQWR� WKLV� PDUNHW
GHSHQGHG� �DQG� FRQWLQXHV� WR
GHSHQG�� FULWLFDOO\� RQ� SHUIRUPDQFH
DQG�FRVW���6ROXWLRQV�EDVHG�RQ�ODUJH
QXPEHUV�RI�VPDOO�VLJQDO� ODPSV�DUH

WRR� H[SHQVLYH�� WKXV� GHPDQGLQJ� WKH� GHYHORSPHQW� RI� KLJKHU�SRZHU� /('V�� � 7KLV� HYROXWLRQ� LV
LOOXVWUDWHG� LQ�)LJXUH� �� FRYHULQJ� WKH�SHULRG� IURP� ILUVW�/('�VDOHV� LQ� ������ SURMHFWHG� WR� ������ � ,Q� D
0RRUH
V�ODZ�OLNH�IDVKLRQ��IOX[�SHU�XQLW�KDV�EHHQ�LQFUHDVLQJ���[�SHU�GHFDGH��DQG�FURVVHG�WKH���OP�OHYHO
LQ� ������ � 6LPLODUO\�� WKH� FRVW� SHU� XQLW� IOX[� ²� � WKH� SULFH� FKDUJHG� E\� WKH� /('� VXSSOLHU� WR� 2(0
PDQXIDFWXUHUV�²�KDV�EHHQ�GHFUHDVLQJ���[�SHU�GHFDGH�DQG�ZLOO�UHDFK��FHQWV�OP�LQ��������$W�WKLV�SULFH�
WKH�/('V�LQ�D�W\SLFDO�������OP�&+06/�FRQWULEXWH�RQO\�������WR�WKH�FRVW�RI�WKH�FRPSOHWH�XQLW�����,Q
RWKHU�ZRUGV��WKH�SRZHU�VLJQDOLQJ�PDUNHW�GURYH��DQG�FRQWLQXHV�WR�GULYH��LPSURYHPHQWV�LQ�WKH�GHVLJQ
DQG�PDQXIDFWXULQJ� LQIUDVWUXFWXUH�RI� WKH�FRPSRXQG�VHPLFRQGXFWRU�PDWHULDOV�DQG�GHYLFHV�RQ�ZKLFK
/('V�DUH�EDVHG�

7KHVH� LPSURYHPHQWV�KDYH� OHG� WR� WKH�/('�HIILFLHQFLHV� VXPPDUL]HG� LQ�)LJXUH� �� IRU� WKH� YLVLEOH
ZDYHOHQJWK�UDQJH��������QP�� �%HFDXVH�WKH�HIILFLHQFLHV�YDU\�ZLWK�WHPSHUDWXUH��WKH�GDWD�VKRZQ�UHIHU

�����������������������������������������������������
�� %DFN� LQ� WKH� VPDOO� VLJQDO� GD\V� ZKHUH� RQH� ODPS� ZDV� XVHG� SHU� IXQFWLRQ�� D� �[� LPSURYHPHQW� LQ� HIILFLHQF\� GLG� QRW� DOORZ
FXVWRPHUV�WR�XVH�KDOI�D�ODPS���$QG��WR�UHGXFH�WKH�GULYH�FXUUHQW�RI�DQ�LQGLFDWRU�ODPS�IURP���P$�WR���P$�GLG�QRW�PDWWHU
YHU\�PXFK�LQ�DQ�LQVWUXPHQW�WKDW�XVHG�������:�IRU�RWKHU�HOHFWURQLF�IXQFWLRQV�
��� $OWKRXJK� WKLV� FRVW� LV� KLJKHU� WKDQ� WKDW� RI� DQ� LQFDQGHVFHQW� OLJKW� EXOE�� LW� LV� ORZ� HQRXJK� WKDW� RWKHU� IDFWRUV�� VXFK� DV
FRPSDFWQHVV��VW\OLQJ�IUHHGRP�DQG�DEVHQFH�RI�ZDUUDQW\�FRVW��HDVLO\�PDNH�XS�WKH�GLIIHUHQFH�
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WR� D� MXQFWLRQ� WHPSHUDWXUH� RI� ��°&�� � )RU� WKH� *D$O,Q3� PDWHULDO� V\VWHP� �UHG� WR� \HOORZ��� ZH� VKRZ
HIILFLHQF\�GDWD�IRU����D��WKH�H[SHFWHG�<HDU������SURGXFWLRQ�FDSDELOLW\�RI�WKH�LQGXVWU\���E��WKH�H[SHFWHG
<HDU������SURGXFWLRQ�FDSDELOLW\��DQG��F��WKH�EHVW�UHVXOWV�UHSRUWHG�DV�RI�������VKRZQ�WR�VXEVWDQWLDWH
RXU�FRQILGHQFH�LQ�WKH�<HDU������IRUHFDVW���)RU�WKH�*D,Q1�PDWHULDO�V\VWHP��JUHHQ�WR�EOXH���ZH�VKRZ
HIILFLHQF\�GDWD�IRU����D��FXUUHQW�DYHUDJH�SURGXFWLRQ�SHUIRUPDQFH�RI�WKH� LQGXVWU\� OHDGHU��1LFKLD��DQG
�E��D�FXUYH�WKDW�LV�����KLJKHU���$FFRUGLQJ�WR�1LFKLD��WKHLU�EHVW�UHVXOWV�VHHP�WR�EH�����DERYH�WKHLU
DYHUDJH��DQG�ZH�DVVXPH�WKDW�WKHVH�EHVW�UHVXOWV�ZLOO�EHFRPH�DYHUDJH�LQGXVWU\�SURGXFWLRQ�ZLWKLQ�ILYH�
VL[�\HDUV��E\�WKH�<HDU�������

)LJXUH�����/('�HIILFLHQF\�DW�DQ���°&�MXQFWLRQ
WHPSHUDWXUH�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK���)RU�WKH
WZR�GRPLQDQW�PDWHULDOV�V\VWHPV��*D$O,Q3�DQG
*D,Q1��ZH�VKRZ�FXUUHQW�SURGXFWLRQ�GDWD�DQG
RXU�EHVW�HVWLPDWH�IRU�<HDU������SURGXFWLRQ�

$W� WKLV� SRLQW�� /('V� RI� UHDVRQDEOH
HIILFLHQF\�VSDQ�YLUWXDOO\�WKH�HQWLUH�YLVLEOH
ZDYHOHQJWK�UDQJH��ZLWK�WKH�H[FHSWLRQ�RI
D� QDUURZ� ZLQGRZ� LQ� WKH� \HOORZ�JUHHQ��
DQG� LW� LV� SRVVLEOH� WR� FUHDWH� ZKLWH� OLJKW
VRXUFHV�� � 2QH� DSSURDFK�� ZKLFK� JLYHV
ZKLWH� OLJKW� VRXUFHV� ZLWK� H[FHOOHQW� FRORU
UHQGHULQJ� SURSHUWLHV�� LQYROYHV

FRPELQLQJ�����/('V�RI�GLIIHUHQW�FRORUV�� �$QRWKHU�DSSURDFK�LQYROYHV�FRPELQLQJ�D�EOXH�/('�ZLWK
GRZQ�FRQYHUVLRQ�SKRVSKRUV�LQ�D�UHODWLYHO\�LQH[SHQVLYH�SDFNDJH���%RWK�RI�WKHVH�DSSURDFKHV�LQYROYH
VRPH�ORVVHV��FRORU�PL[LQJ�LQ�WKH�IRUPHU�DQG�SKRWRQ�GRZQ�FRQYHUVLRQ�LQ�WKH�ODWWHU���EXW�QHYHUWKHOHVV
FDQ� DFKLHYH� JRRG� RYHUDOO� HIILFLHQFLHV�� � ,Q� IDFW�� DVVXPLQJ� WKH� HIILFLHQFLHV� RI� )LJXUH� ��� DQG� D� FRORU
PL[LQJ�ORVV�RI������VHPLFRQGXFWRU�ZKLWH�OLJKW�VRXUFHV�PDGH�ZLWK�UHG��\HOORZ��JUHHQ�DQG�EOXH�/('V
ZLOO�DOUHDG\�H[FHHG�WKDW�RI�VWDQGDUG�������:�LQFDQGHVFHQW�ODPSV�LQ�WKH�<HDU������

7DEOH�����(IILFLHQFLHV�DQG�OLIHWLPHV�RI�YDULRXV�FRQYHQWLRQDO
DQG�VHPLFRQGXFWRU�ZKLWH�OLJKW�VRXUFHV���6LPLODU�WR�)LJXUH
���WKH�VHPLFRQGXFWRU�ZKLWH�OLJKW�VRXUFHV�UHIHU�WR�D�MXQFWLRQ
WHPSHUDWXUH�RI���°&�

7KLV� LV� LOOXVWUDWHG� LQ� 7DEOH� ��� ZKLFK
FRPSDUHV� FXUUHQW� DQG� SURMHFWHG� HIILFLHQFLHV� RI
ZKLWH�/('�EDVHG�ODPSV�ZLWK�WKRVH�RI�WKH�PRVW
ZLGHO\�XVHG�FRQYHQWLRQDO�ZKLWH�OLJKW�ODPSV���7KH
PRVW�SRSXODU� LQFDQGHVFHQW� ODPSV�ZLWK�D�SRZHU
UDWLQJ�RI�������:�KDYH�DQ�HIILFLHQF\�RI�DURXQG
��OP�:� DQG� D� UDWHG� OLIH� RI� ������ KRXUV�� � 7KH
HIILFLHQF\� RI� LQFDQGHVFHQW� ODPSV� GURSV� RII� DW

ORZHU�SRZHU�UDWLQJV�RU�IRU�ODPSV�ZLWK�D�ORQJHU�������������KRXU�UDWHG�OLIH���+DORJHQ�ODPSV�VKRZ�D
VLPLODU� SDWWHUQ� FRYHULQJ� WKH� UDQJH� RI� �����OP�:�� � )OXRUHVFHQW� ODPSV� DW� ��OP�:� DUH� WKH� PRVW
HIILFLHQW�ZKLWH�OLJKW�VRXUFHV�DQG�GRPLQDWH�FRPPHUFLDO�DQG�LQGXVWULDO�OLJKWLQJ�DSSOLFDWLRQV�

,Q� FRPSDULVRQ�� XVLQJ� WKH� SURMHFWLRQV� VKRZQ� LQ� )LJXUH� ��� /('�EDVHG�ZKLWH� OLJKW� VRXUFHV� ZLOO
KDYH� HIILFLHQFLHV�RI� ��OP�:� LQ� WKH�<HDU� ������ VKRXOG� UHDFK� ��OP�:� LQ� WKH�<HDU� ������ HYHQWXDOO\
OHYHOLQJ�RII�LQ�WKH������OP�:�UDQJH�E\�WKH�<HDU��������7KHVH�HIILFLHQFLHV�H[FHHG�VLJQLILFDQWO\�WKRVH
RI�VWDQGDUG�������:�LQFDQGHVFHQW�ODPSV�
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Lamp Type Power Efficiency Lifetime
(W) (lm/W) (hrs)

Standard Incandescent 15 8 1,000
Standard Incandescent 100 15 1,000
Long Life Incandescent 135 12 5,000
Halogen 20 12 3,000
Halogen 300 24 3,000
Compact Halogen 50 12 2,500
Compact Fluorescent 11 50 10,000
Standard Fluorescent 30 80 20,000

White LED 2000 Any 20 100,000
White LED 2002 Any 30 100,000
White LED 2005 Any 40 100,000
White LED 2010 Any 50 100,000
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0RUHRYHU��WKH�FRPSDULVRQ�EHWZHHQ�/('�DQG�LQFDQGHVFHQW�ODPS�HIILFLHQFLHV�IDYRUV�/('V�HYHQ
PRUH� LQ� WKH� FDVH�RI�PRQRFKURPH� DSSOLFDWLRQV�� � )RU� WKHVH� DSSOLFDWLRQV�� WKHUH� DUH� QR� FRORU�PL[LQJ
ORVVHV�IRU�WKH�/('V��EXW�WKHUH�DUH�DGGLWLRQDO�ILOWHULQJ�ORVVHV�IRU�LQFDQGHVFHQW�ODPSV������$V�VKRZQ�LQ
7DEOH� ���/('�HIILFLHQFLHV� H[FHHG� WKRVH� RI� ILOWHUHG� LQFDQGHVFHQW� ODPSV� E\� D� ODUJH�PDUJLQ� RYHU� WKH
HQWLUH�YLVLEOH�ZDYHOHQJWK�UDQJH�H[FHSW�IRU�\HOORZ��ZKHUH�WKH�WZR�WHFKQRORJLHV�DUH�FORVH�WR�SDULW\�

7DEOH����&XUUHQW��<HDU�������/('�HIILFLHQFLHV�LQ�EURDG�FRORU
UDQJHV�DV�FRPSDUHG�WR�WKRVH�RI�ILOWHUHG�ORQJ�OLIH�LQFDQGHVFHQW�ODPSV�
7KH�/('�HIILFLHQFLHV�UHIHU�WR�D�MXQFWLRQ�WHPSHUDWXUH�RI���°&�

���/('�3(1(75$7,21�,172�32:(5�6,*1$/,1*�$1'�/,*+7,1*
$33/,&$7,216

7KH� SHQHWUDWLRQ� RI� /('V� LQWR� WKH� VLJQDOLQJ� DQG� OLJKWLQJ� PDUNHWV� LV� D� FRPSOH[� LVVXH�� � /LNH� LQ� DQ\� QHZ
WHFKQRORJ\��LQ�WKH�HDUO\�\HDUV�/('�VROXWLRQV�ZLOO�EH�FRQVLGHUDEO\�PRUH�H[SHQVLYH�WKDQ�FRQYHQWLRQDO
VROXWLRQV�� � 7R� MXVWLI\� WKHLU� VHOHFWLRQ�� WKH� KLJKHU� LQLWLDO� FRVW� KDV� WR� EH� FRPSHQVDWHG� ZLWK� ORZHU
RSHUDWLQJ�FRVWV�RU�RWKHU�WDQJLEOH�EHQHILWV�

:LWK� WKH� GUDPDWLF� SURJUHVV� WKDW� KDV� EHHQ�PDGH� LQ� /('�SHUIRUPDQFH� DQG� FRVW� RYHU� WKH� SDVW
GHFDGHV�� KRZHYHU�� /('V� KDYH� DOUHDG\� EHJXQ� WR� SHQHWUDWH� D� QXPEHU� RI� PRQRFKURPH� VLJQDOLQJ
DSSOLFDWLRQV�� �:H� GHVFULEH� VHYHUDO� RI� WKHVH� DSSOLFDWLRQV� LQ�$SSHQGL[�$��ZKLFK� LQFOXGH� WUDIILF� DQG
DXWRPRWLYH� OLJKWV�� DQG� ODUJH�VFUHHQ�RXWGRRU�79V�� �(QHUJ\� VDYLQJV� DUH� WKH� GULYLQJ� IRUFH� IRU� WUDIILF
OLJKWV�� UXJJHGQHVV�� ORQJ� OLIH� DQG� VW\OLQJ� DUH� LPSRUWDQW� IDFWRUV� LQ� DXWRPRWLYH� WDLO� OLJKWV�� DQG� ODPS
GHQVLW\� DQG� LQWHJUDELOLW\� DUH� WKH� NH\� IDFWRUV� LQ� 79� VFUHHQV� ZLWK� ���������� SL[HOV� RYHU� DQ� DUHD� RI
���P��

7KH� SHQHWUDWLRQ� RI� /('V� LQWR� ZKLWH� OLJKW� DSSOLFDWLRQV� ZLOO� EH� PXFK� PRUH� GLIILFXOW�� � $
FRPSDULVRQ�EHWZHHQ�7DEOH����PRQRFKURPH�HIILFLHQFLHV��DQG�7DEOH����ZKLWH�OLJKW�HIILFLHQFLHV��VKRZV
ZK\�� � $W� <HDU� ���������� SHUIRUPDQFH� OHYHOV�� DQ� /('�EDVHG� UHG� WUDIILF� OLJKW� FRQVXPHV� ��[� OHVV
SRZHU�WKDQ�LWV�ILOWHUHG� LQFDQGHVFHQW�DOWHUQDWLYH��ZKLOH�DQ�/('�EDVHG�ZKLWH� OLJKW�FRQVXPHV�RQO\��[
OHVV�SRZHU�WKDQ�LWV�VWDQGDUG�LQFDQGHVFHQW�DOWHUQDWLYH��DQG�DERXW����[�PRUH�SRZHU�WKDQ�LWV�IOXRUHVFHQW
DOWHUQDWLYH�

$V� D� FRQVHTXHQFH�� LQ� WKH� YHU\� QHDU� WHUP�� WKH� ZKLWH� OLJKW� DSSOLFDWLRQV� WKDW� FDQ� UHDOLVWLFDOO\� EH
DWWDFNHG� ZLOO� EH� ORZHU�IOX[� �VSHFLDOW\�� OLJKWLQJ� DSSOLFDWLRQV� LQ� WKH� ������OP� UDQJH�� FXUUHQWO\
GRPLQDWHG� E\� LQFDQGHVFHQW� DQG� FRPSDFW� KDORJHQ� ODPSV�ZLWK� UHODWLYHO\�PRGHVW� HIILFLHQFLHV� LQ� WKH
UDQJH�RI�����OP�:���:H�GHVFULEH�VHYHUDO�RI�WKHVH�DSSOLFDWLRQV�LQ�$SSHQGL[�$��ZKLFK�LQFOXGH�DFFHQW
DQG�ODQGVFDSH��OLJKWV��DQG�IODVKOLJKWV�

*HQHUDO�OLJKWLQJ�RI�UHVLGHQWLDO��RIILFH��UHWDLO�RU�LQGXVWULDO�EXLOGLQJV��ZKLFK�FRQVXPHV�PXFK�PRUH
WRWDO�HQHUJ\�WKDQ�HLWKHU�VLJQDOLQJ�RU�VSHFLDOW\�ZKLWH�OLJKWLQJ��ZLOO�EH�PXFK�PRUH�GLIILFXOW�WR�SHQHWUDWH

�����������������������������������������������������
���1RWH�WKDW�WKLV�FRPSDULVRQ�GRHV�UHTXLUH�VRPH�FDXWLRQ��GXH� WR� WKH�YDULDELOLW\� LQ�HIILFLHQF\�RI� WKH�ILOWHUV�XVHG� WR�SURGXFH
YDULRXV�FRORUV�� �)RU�LQVWDQFH��WKH�ILOWHU�XVHG�LQ�D�UHG�WUDIILF� OLJKW�DEVRUEV�����RI�WKH�ZKLWH� OLJKW�DQG�UHVXOWV� LQ�D�GHHS�UHG
FRORU���7KH�UHG�ILOWHU�RI�DQ�DXWRPRELOH�WDLOOLJKW�KDV�D�ZLGHU�WUDQVPLVVLRQ�EDQG�DQG�\LHOGV�DQ�RUDQJH�UHG�FRORU���<HOORZ�DQG
JUHHQ� ILOWHUV� DUH� IDLUO\� HIILFLHQW� DQG� WUDQVPLW� D� ODUJH� IUDFWLRQ� RI� WKH� ZKLWH� VSHFWUXP�� � %OXH� ILOWHUV� DUH� FRPSDUDEOH� WR� WKH
WUDQVPLVVLRQ� RI� UHG� ILOWHUV�� �1HYHUWKHOHVV�� ILOWHUHG� LQFDQGHVFHQW� FRORU� VRXUFHV�ZLOO� DOZD\V� EH� OHVV� HIILFLHQW� WKDQ� XQILOWHUHG
ZKLWH�VRXUFHV��ZKLOH�/('V�DUH�LQKHUHQWO\�PRQRFKURPH�DQG�GR�QRW�VXIIHU�ILOWHULQJ�ORVVHV�

Color Filtered Long-Life Year 2000
Incandescent LED Production

Efficiency (lm/W) (lm/W)
Red 1-6 16

Yellow 4-8 10
Green 3-10 48

Blue 1-4 13
White 12 20
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IRU�VHYHUDO�UHDVRQV�� WKH�IRUHPRVW�EHLQJ�FRVW�� �/DPS�FRVW�� �D�����:�LQFDQGHVFHQW� ODPS�GHOLYHULQJ�D
IOX[�RI� ���NOP� FRVWV�RQO\� ������� RU� ������NOP��ZKLOH� D� FRPSDUDEOH�/('�EDVHG� OLJKW� VRXUFH�ZRXOG
FRVW�RYHU�������RU�URXJKO\������NOP���(IILFLHQF\���,QFDQGHVFHQW�ODPSV�ZLWK�D�UDWLQJ�RI�������:�KDYH
DQ� HIILFLHQF\� RI� �����OP�:�� � 7R� UHFRYHU� WKH� LQLWLDO� GLIIHUHQFH� LQ� ODPS� FRVW� LQ� D� UHDVRQDEOH� WLPH�
WRGD\
V� ZKLWH� /('� HIILFLHQF\� RI� ��OP�:� LV� LQVXIILFLHQW�� � :KLWH� /('V� ZLOO� QRW� FURVV� WKH� FULWLFDO
WKUHVKROG�RI���OP�:�EHIRUH��������0DLQWHQDQFH�ODERU�FRVW���7KH�PDMRULW\�RI�LQFDQGHVFHQW�ODPSV�DUH
XVHG�LQ�UHVLGHQWLDO�EXLOGLQJV�ZKHUH�WKH�FRVW�RI�PDLQWHQDQFH�ODERU�LV�QRW�DQ�LVVXH�

3HQHWUDWLRQ�LQWR�WKHVH�KLJKHU�IOX[�JHQHUDO�OLJKWLQJ�PDUNHWV�WKXV�GHSHQGV�RQ�FRQWLQXHG�HIILFLHQF\
LPSURYHPHQWV�WR�WKH�SRLQW�ZKHUH�WKH�HQHUJ\�VDYLQJV�SD\�EDFN�WKH�LQLWLDO�FRVW�SHQDOW\�LQ�D�UHDVRQDEOH
WLPH��L�H��LQ�VL[�\HDUV�RU�OHVV���7R�TXDQWLI\�WKLV��ZH�GHILQH�D��EUHDNHYHQ��WLPH��ZKLFK�LV�WKH�SHULRG�RYHU
ZKLFK�HQHUJ\�VDYLQJV�HTXDO� WKH�GLIIHUHQFH� LQ� LQLWLDO� ODPS�FRVWV�� �$�VLPSOH�FDOFXODWLRQ�RI�EUHDNHYHQ
WLPHV� LV� JLYHQ� LQ� $SSHQGL[� %� IRU� D� VWDQGDUG� ���� :� LQFDQGHVFHQW� ODPS� DQG� DQ� /('� ODPS� RI
HTXLYDOHQW�IOX[���)RU�H[DPSOH��LQ�WKH�<HDU�������ZKHQ�/('�ODPS�UHWDLO�SULFHV�DUH�H[SHFWHG�WR�EH�RI
WKH�RUGHU������NOP�ZLWK�DQ�HIILFLHQF\�RI���OP�:��WKH�EUHDNHYHQ�WLPH�IRU�D�GDLO\�RSHUDWLQJ�WLPH�RI���
KRXUV� LV� MXVW� DERXW� VL[� \HDUV�� � 7KLV� LV� D� PDUJLQDO� SD\EDFN� VLWXDWLRQ� DQG� SHQHWUDWLRQ� ZLOO� EH� TXLWH
OLPLWHG�� � %XW� FRQWLQXHG� LPSURYHPHQWV� LQ� /('� FRVW� DQG� HIILFLHQF\� VKRXOG� JUDGXDOO\� H[SDQG� WKH
SHQHWUDWLRQ�

)LJXUH�����7KH�VWHSSLQJ�VWRQHV�IURP
/('�LQGLFDWRUV�WR�/('�LOOXPLQDWLRQ
RYHU�KDOI�D�FHQWXU\�IURP������WR������
6LJQDOLQJ�DSSOLFDWLRQV�DUH�PRVWO\
PRQRFKURPH��OLJKWLQJ�DSSOLFDWLRQV�DUH
PRVWO\�ZKLWH���6SHFLDOW\�OLJKWLQJ�LQFOXGHV
PRQRFKURPH�DQG�ORZ�PHGLXP�IOX[�ZKLWH
OLJKWLQJ�DQG�LV�GRPLQDWHG�E\�LQFDQGHVFHQW
ODPSV���*HQHUDO�OLJKWLQJ�LQFOXGHV�KLJK
IOX[�ZKLWH�OLJKWLQJ�DQG�LV�GRPLQDWHG�E\�D
FRPELQDWLRQ�RI�LQFDQGHVFHQW�DQG
IOXRUHVFHQW�ODPSV�

,W� LV� KHOSIXO� DW� WKLV� SRLQW� WR
UHPLQG� RXUVHOYHV� WKDW� WKHVH
LPSURYHPHQWV� ZLOO� DOPRVW
FHUWDLQO\� FRQWLQXH� DW� D� UDSLG� UDWH�
GXH�WR�WKH�SUHVVXUH�WKDW�KDV�EHHQ�

DQG�ZLOO� FRQWLQXH� WR�EH�� VXSSOLHG�E\� WKH�SRZHU� VLJQDOLQJ�PDUNHW�� �7R� HPSKDVL]H� WKLV��ZH� VKRZ� LQ
)LJXUH� �� WKH� NH\� VWHSSLQJ� VWRQHV� LQ� WKH� FRVW� HYROXWLRQ� RI� /('V�� � /DUJH� RXWGRRU� GLVSOD\V� ZLWK
WKRXVDQGV�RI�/('�ODPSV�PDGH�VHQVH�RQO\�DIWHU�WKH�JURZLQJ�YROXPH�IRU�LQGLFDWRU�ODPSV�KDG�UHDFKHG
KXQGUHGV�RI�PLOOLRQV�RI�XQLWV�SHU�PRQWK�DW�D�SULFH�RI����FHQWV�RU�OHVV�SHU�XQLW���/('V�LQ�DXWRPRWLYH
UHDU� FRPELQDWLRQ� ODPSV�ZLOO� QRW�PDNH� HFRQRPLF� VHQVH� XQWLO� WKH� FRVW�OXPHQ� DSSURDFKHV� �FHQWV�OP�
5HSODFLQJ�D� UHG� WUDIILF� OLJKW�ZLWK�������/('V�KDV�FUHDWHG�/('�SRZHU�SDFNDJHV� WKDW� FDQ�KDQGOH� D
KHDW�GLVVLSDWLRQ�RI�VHYHUDO�:DWWV�DW�D� UHDVRQDEOH�FRVW�� � ,Q� WXUQ�� VXFK�D�FDSDELOLW\� LV�QHHGHG� IRU� WKH
IURQW�WXUQ�LQGLFDWRUV�ZKLFK�DUH�PRXQWHG�FORVH�WR�WKH�KHDG�ODPSV�RI�WKH�FDU���7KH�FRVW�VHQVLWLYH�DQG
SRWHQWLDOO\�KXJH�DXWRPRWLYH�PDUNHW�ZLOO�IRUFH�WKH�LQGXVWU\�DORQJ�D�VWHHS�FRVW�OHDUQLQJ�FXUYH���$QG��LW
LV� WKLV� FRVW� SUHVVXUH� WKDW�ZLOO� HQDEOH�ZKLWH� /('V� WR� FURVV� WKH� FULWLFDO� WKUHVKROG� RI� �����NOP� DQG
��OP�:�WKDW�ZH�HVWLPDWH�ZLOO�EH�DFKLHYHG�LQ�WKH�<HDU������

:KHQ� WKLV� FULWLFDO� WKUHVKROG� LV� DFKLHYHG�� /('�EDVHG� ZKLWH� ODPSV� ZLOO� EHJLQ� WR� UHSODFH
LQFDQGHVFHQW�DQG�FRPSDFW�KDORJHQ�ODPSV�LQ�WKH�IROORZLQJ�VLWXDWLRQV�

+LJKO\�GLUHFWLRQDO�ODPSV���2XU�SURWRW\SH�ZRUN�ZLWK�3KLOLSV�KDV�VKRZQ�WKDW�/('�EDVHG�ODPSV�DUH�IDU
PRUH� HIIHFWLYH� LQ� GLVWULEXWLQJ� OLJKW� WR� ZKHUH� LW� LV� QHHGHG� UDWKHU� WKDQ� WUDSSLQJ� OLJKW� ZLWKLQ� WKH
OXPLQDLUH� RU� VHQGLQJ� SDUW� RI� LW� LQWR� XQGHVLUDEOH� GLUHFWLRQV� ��OLJKW� SROOXWLRQ���� � ,Q� RQH� SDUWLFXODU

Indicators (1970’s)

Outdoor displays (1980’s)

Red             Yellow          Green             Blue                 White

Outdoor TVs (1990’s)

Automotive (1990’s)

Traffic lights (2000’s)

Low-Medium
Flux

White Lighting
(2000’s)

High Flux
White Lighting

(2010’s)

10,000

  1,000

    100

     10

      1

    0.1

   0.01

 0.001

Colors

F
lu

x

General
Lighting

Specialty
Lighting

Signaling Lighting
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H[DPSOH�WKDW�ZH�VWXGLHG�H[WHQVLYHO\��WKH�GLIIHUHQFH�ZDV��[�RYHU�D�FRQYHQWLRQDO�OLJKW�VRXUFH���,I�WKLV
DGYDQWDJH�FDQ�EH�UHDOL]HG�LQ�PDQ\�DSSOLFDWLRQV��WKHQ�D���:�/('�ODPS�ZLWK�DQ�HIILFLHQF\�RI���OP�:
FDQ�GR�WKH�MRE�RI�D����:�LQFDQGHVFHQW�ODPS�ZLWK�LWV���OP�:�HIILFLHQF\���,Q�WKLV�FDVH�WKH�EUHDN�HYHQ
SRLQW�IRU�D�GDLO\�RSHUDWLRQ�RI����KRXUV�LV�D�UHVSHFWDEOH�WZR�\HDUV�

+LJK�0DLQWHQDQFH� &RVW�� ,Q� DOO� FRPPHUFLDO� DSSOLFDWLRQV� WKH� FRVW� RI�PDLQWHQDQFH� ODERU� LV� UHDO�� � $
UHJXODU� LQFDQGHVFHQW� ODPS�ZLWK� ���������KRXUV� RSHUDWLQJ� OLIH� KDV� WR� EH� UHSODFHG� ��� WLPHV� RYHU� �
\HDUV� LI� LW� LV� RSHUDWHG� ��� KRXUV�GD\�� �'HSHQGLQJ� RQ� WKH� VLWXDWLRQ�� WKH�PDLQWHQDQFH� FRVW� FRXOG� EH
FRPSDUDEOH�WR�WKH�LQLWLDO�FRVW�RI�DQ�/('�EDVHG�ODPS���6RPH�DSSOLFDWLRQV�KDYH�YHU\�KLJK�PDLQWHQDQFH
FRVW��L�H���VWUHHW�DQG�WXQQHO�OLJKWV��DQG�VZLPPLQJ�SRRO�OLJKWV���7R�VKXW�GRZQ�D�WXQQHO�RU�WR�SDUWLDOO\
GUDLQ�D�VZLPPLQJ�SRRO�LV�ERWK�D�QXLVDQFH�DQG�H[SHQVLYH�

/RQJ�/LIH��/DPSV�ZLWK�DQ�H[WHQGHG�OLIH�UDWLQJ�RI�����������KRXUV�RU�ODPSV�WKDW�DUH�GHVLJQHG�IRU�D
VKRFN�DQG�YLEUDWLRQ�HQYLURQPHQW�KDYH�D�UHGXFHG�HIILFLHQF\�LQ�WKH�UDQJH�RI�����OP�:�LQFUHDVLQJ�WKH
HQHUJ\�FRQVXPSWLRQ�E\���������RYHU�D�UHJXODU� LQFDQGHVFHQW� ODPS��7KH�EUHDNHYHQ�WLPH�LV�UHGXFHG
FRUUHVSRQGLQJO\�

'LPPDELOLW\��0RVW�GLPPDEOH�ODPS�DSSOLFDWLRQV�XVH�LQFDQGHVFHQW�ODPSV���'LPPLQJ�DQ�LQFDQGHVFHQW
ODPS�UHGXFHV� LWV� ILODPHQW� WHPSHUDWXUH� VOLJKWO\� DQG�GUDPDWLFDOO\� NLOOV� WKH� HIILFLHQF\�� �7KH� UHVXOW� LV� D
PXFK�UHGXFHG�IOX[�DW�QHDUO\�WKH�VDPH�HQHUJ\�FRQVXPSWLRQ��,Q�FRQWUDVW��DQ�/('�EDVHG�ODPS�FDQ�EH
GLPPHG�ZLWK�SUDFWLFDOO\�QR�ORVV�LQ�HIILFLHQF\���$OVR��D�GLPPHG�LQFDQGHVFHQW�ODPS�FKDQJHV�LWV�FRORU
WHPSHUDWXUH�DQG�VXEVHTXHQWO\�LWV�FRORU�UHQGHULQJ�SURSHUWLHV�ZKLOH�DQ�/('�ODPS�PDLQWDLQV�LWV�FRORU
WHPSHUDWXUH�

7DEOH�����6XPPDU\�RI�EUHDNHYHQ�WLPHV�DW�ZKLFK�/('�ODPSV
RSHUDWHG����KUV�GD\�EHFRPH�HFRQRPLFDO�RYHU�VWDQGDUG����:
LQFDQGHVFHQW�ODPSV�ZLWK���OP�:�HIILFLHQFLHV���7KH�HTXDO�IOX[
DQG�KDOI�IOX[�EUHDNHYHQ�WLPHV�DVVXPH�/('�IOX[�HTXDO�WR��DQG
KDOI��WKDW�RI�WKH�LQFDQGHVFHQW�ODPS�IOX[���UHVSHFWLYHO\�

%H\RQG� WKLV� FULWLFDO� WKUHVKROG� ������NOP� DQG� ��OP�:��� SHQHWUDWLRQ� ZLOO� LQFUHDVH� DV� /('
WHFKQRORJ\� FRQWLQXHV� WR� LPSURYH�� � $V� LQGLFDWHG� LQ� 7DEOH� ��� ZH� H[SHFW� WKH� ��°&� HIILFLHQFLHV� WR
LQFUHDVH�WR���OP�:�LQ������DQG�WR���OP�:�LQ��������,Q�SDUDOOHO��ZH�H[SHFW�ZKLWH�/('�FRVW�WR�GURS
E\� DW� OHDVW� ���� SHU� \HDU�� UHDFKLQJ� ����NOP� LQ� ����� DQG� OHVV� WKDQ� ����NOP� LQ� ������ �:LWK� WKHVH
LPSURYHPHQWV�� WKH� EUHDNHYHQ� WLPHV�ZLOO� EH� VXEVWDQWLDOO\� UHGXFHG�� DV� VKRZQ� LQ�7DEOH� ��� �$� VWURQJ
UHSODFHPHQW�RI� LQFDQGHVFHQW� ODPSV� LQ�FRPPHUFLDO� DQG� LQGXVWULDO� DSSOLFDWLRQV� VKRXOG� VWDUW� LQ� �����
DQG�VKRXOG�UHDFK�UHVLGHQWLDO�DSSOLFDWLRQV�ZHOO�EHIRUH������

1RWH�WKDW�ZH�GR�QRW�H[SHFW�WKDW��DW�HIILFLHQFLHV�RI���OP�:�RU�OHVV��/('V�ZLOO�SHQHWUDWH�WKDW�SDUW
RI�WKH�JHQHUDO�OLJKWLQJ�PDUNHW�FXUUHQWO\�VHUYHG�E\�IOXRUHVFHQW�ODPSV��HLWKHU�FRPSDFW�RU� ODUJH�WXEHV�
2QO\�LQ�DSSOLFDWLRQV�ZKHUH�IOXRUHVFHQW�ODPSV�OHDG�WR�ODUJH��XQGHVLUHG� OLJKW�VSLOODJH�RU�WR�VLJQLILFDQW
ORVVHV�ZLWKLQ�WKH�OXPLQDLUH�FRXOG�/('�EDVHG�ODPSV��EUHDN�HYHQ��RYHU�IOXRUHVFHQW�ODPSV�E\�WKH�<HDU
������ � 7KHUHIRUH�� IRU� WKH� DQDO\VLV� GHVFULEHG� LQ� WKH� QH[W� 6HFWLRQ�� ZH� GR� QRW� FRXQW� RQ� DQ\� /('
SHQHWUDWLRQ�LQWR�WKH�IOXRUHVFHQW�ODPS�PDUNHW�

���,03$&7�21�(1(5*<�&2168037,21

$V�GLVFXVVHG�LQ�WKH�SUHYLRXV�6HFWLRQ��LQ�WKH�<HDU������ZH�H[SHFW�/('�EDVHG�ZKLWH�ODPSV�ZLWK
DQ�HIILFLHQF\�RI���OP�:�WR�VWDUW�WR�UHSODFH�LQFDQGHVFHQW�ODPSV�ZLWK�DQ�HIILFLHQF\�RI���OP�:���:KDW
ZLOO�EH�WKH�JOREDO�HFRQRPLF�DQG�HQHUJ\�LPSDFW�RI�WKH�SHQHWUDWLRQ�RI�/('�ODPSV�LQWR�WKHVH�JHQHUDO
OLJKWLQJ�DSSOLFDWLRQV"�7R�DQVZHU�WKLV�TXHVWLRQ�UHTXLUHV�FUHDWLQJ�DQ�HFRQRPLF�PRGHO�IRU�WKH�HYROXWLRQ
RI�OLJKWLQJ�XVDJH�DQG�/('�SHQHWUDWLRQ���:H�GLVFXVV�D�VLPSOH�VXFK�HFRQRPLF�PRGHO�LQ�$SSHQGL[�&�

Year LED Cost Breakeven time at
Efficiency Equal flux Half flux

(lm/W) ($/klm) (Years) (Years)
2002 30 100 6.1 2.1
2005 40 75 3.8 1.5
2010 50 47 2.2 0.9



��

7KH� PRGHO� GHSHQGV� RQ� D� PXOWLWXGH� RI� DVVXPSWLRQV�� VRPH� RI� ZKLFK� FKDUDFWHUL]H� OLJKWLQJ� DQG
HOHFWULFLW\� XVDJH� JHQHUDOO\�� DQG� RWKHUV� RI� ZKLFK� FKDUDFWHUL]H� /('� FRVW�� SHUIRUPDQFH� DQG� PDUNHW
SHQHWUDWLRQ�� 7KH� DVVXPSWLRQV� ZH� KDYH� PDGH� DUH� GHVFULEHG� LQ� GHWDLO� LQ� $SSHQGL[� &�� � 7KH\� DUH
VRPHZKDW� FRQVHUYDWLYH�� EXW� EHFDXVH� OLJKWLQJ� LV� VXFK� D� ODUJH� PDUNHW�� WKH\� QRQHWKHOHVV� LPSO\� YHU\
VLJQLILFDQW�JOREDO�HFRQRPLF�DQG�HQHUJ\�VDYLQJV���7KH�WRWDO�ZRUOGZLGH�HOHFWULFLW\�XVHG�IRU�OLJKWLQJ�LQ
WKH�<HDU�������H�J���LV�H[SHFWHG�WR�EH�RYHU������7:K��DW�D�FRVW�RI�DSSUR[LPDWHO\�86����%�

7DEOH���VXPPDUL]HV�WKH�SURMHFWHG�VDYLQJV���7KH�NH\�DVVXPSWLRQ�LV�WKDW�/('�SHQHWUDWLRQ�EHJLQV�
DV� H[SHFWHG� IURP� WKH� DERYH� EUHDNHYHQ� DQDO\VLV�� LQ� WKH�<HDU� ������ JUDGXDOO\� LQFUHDVHV� WKURXJK� WKH
<HDU�������ZKHUH�LW�VDWXUDWHV�DW�URXJKO\��������7KH�VDWXUDWLRQ�RFFXUV�ZKHQ�/('V�UHDFK�DQ�HIILFLHQF\
SODWHDX�RI���OP�:��ZKLFK�LV�VXIILFLHQW�IRU�VLJQLILFDQW�SHQHWUDWLRQ�LQWR�WKDW�SDUW�RI�WKH�JHQHUDO�OLJKWLQJ
PDUNHW�FXUUHQWO\�VHUYHG�E\� LQFDQGHVFHQW� ODPSV��EXW�QRW�VXIILFLHQW� IRU�SHQHWUDWLRQ� LQWR� WKDW�SDUW�RI
WKH�JHQHUDO�OLJKWLQJ�PDUNHW�FXUUHQWO\�VHUYHG�E\�IOXRUHVFHQW�ODPSV�

7DEOH�����3URMHFWHG�JOREDO�VDYLQJV�LQ�HQHUJ\��HQHUJ\�FRVW��DQG�HQHUJ\�JHQHUDWLQJ�FDSDFLW\�GXH�WR�/('�SHQHWUDWLRQ�LQWR
VSHFLDOW\�OLJKWLQJ�PDUNHWV��DVVXPLQJ�/('�HIILFLHQFLHV�OHYHO�RII�DW���OP�:�LQ������

7KH�SURMHFWHG�VDYLQJV�DUH�REYLRXVO\�YHU\�VLJQLILFDQW���7KH����%�VDYLQJV�LQ������FRUUHVSRQGV�WR
����RI�WKH�����%�FRQYHQWLRQDO�OLJKWLQJ�ZRXOG�KDYH�FRVW���$FFRUGLQJ�WR�WKLV�PRGHO�ZH�KDYH�UHSODFHG
����RI� WKH� OHDVW� HIILFLHQW� LQVWDOOHG� IOX[� EDVH� DQG� VDYHG� ����RI� WKH� HOHFWULFLW\� XVHG� LQ� OLJKWLQJ�� RU
���7:K�� �7KDW�DOVR�UHSUHVHQWV�D�����UHGXFWLRQ�LQ�WKH�FDUERQ�HPLVVLRQV�DVVRFLDWHG�ZLWK�HOHFWULFLW\�
RU����PLOOLRQ�WRQV���7KHVH�DUH�RI�FRXUVH�RQJRLQJ�VDYLQJV�LQ�HOHFWULFLW\�XVDJH�HYHU\�\HDU���7KHUH�LV�DOVR
D�VDYLQJV�LQ�WKH�HOHFWULFLW\�JHQHUDWLRQ�FDSDFLW\�WKDW�ZRXOG�EH�IUHHG�IRU�RWKHU�XVHV�RU�WKDW�ZRXOG�QRW
QHHG�WR�EH�FUHDWHG���7KDW�VDYLQJV�LV���*:��WKH�HTXLYDOHQW�RI����ODUJH�����*:�SRZHU�SODQWV��ZKLFK
ZRXOG�UHTXLUH�PRUH�WKDQ����%�WR�FRQVWUXFW���

���()),&,(1&<�%5($.7+528*+�

7KH�DERYH�DQDO\VLV�LV�EDVHG�RQ�HYROXWLRQDU\�LPSURYHPHQWV�LQ�WKH�HIILFLHQF\�RI�ZKLWH�/('�EDVHG
OLJKW�VRXUFHV���%DVHG�RQ�RXU����\HDUV�RI�/('�OHDGHUVKLS�DQG�RQ�WKH�H[SHULPHQWDO�GDWD�WKDW�ZH�KDYH
VHHQ�VR�IDU�ZH�DUH�TXLWH�FRQILGHQW�WKDW�WKH���OP�:�JRDO�IRU������FDQ�EH�DFKLHYHG�ZLWKRXW�FRXQWLQJ
RQ�DQ\�EUHDNWKURXJK���%XW���OP�:�FRUUHVSRQGV�WR�DQ�HQHUJ\�FRQYHUVLRQ�IURP�HOHFWULFLW\�WR�OLJKW�RI
RQO\�������,V�WKLV�WKH�HQG"��+RZ�IDU�FDQ�ZH�SXVK�WKH�WHFKQRORJ\"��,Q�WKLV�VHFWLRQ�ZH�ZLOO�GHYHORS�WKH
DUJXPHQWV�IRU�D�YHU\�EROG�VFHQDULR�WKDW�FRXOG�UHYROXWLRQL]H�WKH�HQWLUH�OLJKWLQJ�LQGXVWU\�

,Q� ������ 6DQGLD� UHSRUWHG� D� FRQYHUVLRQ� HIILFLHQF\� H[FHHGLQJ� ���� IRU� D� YHUWLFDO� FDYLW\� VXUIDFH
HPLWWLQJ�ODVHU��9&6(/��DW�D�ZDYHOHQJWK�RI����QP�� �7KLV�9&6(/�JHQHUDWHG��P:�RI� OLJKW�DW�D�GULYH
FXUUHQW�RI��P$� DQG�D�GULYH�YROWDJH�RI��9�� � 6XFK�D�9&6(/� WDNHV�XS�RQO\� D���µP�GLDPHWHU� FLUFOH�
5HSOLFDWLQJ�WKHVH�9&6(/V�ZLWK�D���µP�VSDFLQJ�\LHOGV�����9&6(/V�LQ�D��PP��FKLS�� �(DFK�9&6(/
KDV� D� UHDVRQDEOH� ODUJH� VHULHV� UHVLVWDQFH� DOORZLQJ� D�PDVVLYH�SDUDOOHO� RSHUDWLRQ� IURP�D� VLQJOH� FXUUHQW
VRXUFH���'ULYLQJ�WKH�DUUD\�ZLWK��$�DW��9�VKRXOG�UHVXOW�LQ�D��:�RSWLFDO�VRXUFH�ZLWK�D�����FRQYHUVLRQ
HIILFLHQF\���1RERG\�KDV�EXLOW�VXFK�D��:�VRXUFH�\HW��EXW����P:�SURWRW\SH�DUUD\V�KDYH�GHPRQVWUDWHG
WKH�IHDVLELOLW\�RI�WKLV�FRQFHSW�

�����������������������������������������������������
���7KH�FRVW�SHU�*:�LV�DSSUR[LPDWHO\�����0�IRU�FRPELQHG�F\FOH�QDWXUDO�JDV�SODQWV��DQG�LV�KLJKHU�IRU�RWKHU�W\SHV�RI�SRZHU
SODQWV��FRDO��RLO��QXFOHDU��

Year 2005 2010 2015 2020 2025
LED Penetration % 0.05 0.5 4 9 10
Energy Savings per year TWh/yr 1 18 150 370 440
Energy Cost Savings per year M$/yr 100 1,800 15,000 37,000 44,000
Energy Generating Capacity Savings GW 0.1 2 17 42 50
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1RZ� FRPHV� D� OHDS� RI� IDLWK��/HW� XV� DVVXPH� WKDW� D�PDMRU� QDWLRQDO�5	'�SURJUDP� LQYROYLQJ�1DWLRQDO� /DEV�
XQLYHUVLWLHV�DQG� LQGXVWU\� FDQ�UHSOLFDWH� WKH�SURMHFWHG� LQIUDUHG�UHVXOW�DW�DQ\�ZDYHOHQJWK� LQ� WKH� YLVLEOH� VSHFWUXP���:�RI
RSWLFDO� IOX[� ZLWK� D� FRQYHUVLRQ� HIILFLHQF\� RI� ���� LQ� D� �PP�� FKLS� DQ\ZKHUH� IURP� EOXH� WR� UHG�� � $V� D� QH[W� VWHS�
LPDJLQH� WKDW�ZH� FRXOG�EXLOG� D�ZKLWH� ODPS�FRQVLVWLQJ�RI� VL[� FKLSV�ZLWK� D� ��QP�ZDYHOHQJWK� VSDFLQJ
EHWZHHQ����QP� DQG����QP�� �7KLV���:� ODPS�ZRXOG�JHQHUDWH�DQ�RSWLFDO� IOX[�RI��:�RU������OP� DQG
KDYH�D�VXSHULRU�FRORU�UHQGHULQJ�LQGH[�DSSURDFKLQJ�������:LWK�DQ�HIILFLHQF\�RI����OP�:���� LW�ZRXOG
EHDW� LQFDQGHVFHQW� ODPSV� E\�PRUH� WKDQ� DQ� RUGHU� RI�PDJQLWXGH� DQG� WKH�PRVW� HIILFLHQW� IOXRUHVFHQW
ODPSV�E\�PRUH�WKDQ��[���%XW�WKDW�LV�QRW�DOO���7KH�9&6(/V�KDYH�ZHOO�GHILQHG�EHDPV�²�WKH�SKRWRQV�DUH
WUDLQHG�ZKLOH� WKH\� DUH� \RXQJ�� �� DQG� OLJKW� GLVWULEXWLRQ� LV� TXLWH� VWUDLJKW� IRUZDUG��$� ODUJH� IUDFWLRQ� RI
´OLJKW�SROOXWLRQµ�DQG�LQWHUQDO� ORVVHV�FDQ�EH�DYRLGHG�� �7KLV� IHDWXUH� LV�ZRUWK�DQRWKHU� IDFWRU�RI��[� LQ
PDQ\�OLJKWLQJ�DSSOLFDWLRQV���6XFK�D�ODPS�ZRXOG�WUXO\�UHYROXWLRQL]H�WKH�LQGXVWU\�

%DFN�WR�UHDOLW\���7KH�EHVW�UHSRUWHG�HIILFLHQF\�RI�UHG�9&6(/V�LV�LQ�WKH�����UDQJH�DQG�QR�RQH�KDV
\HW� VXFFHHGHG�PDNLQJ� DQ\� \HOORZ�� JUHHQ� RU� EOXH�9&6(/V�� �7KH� SUREOHP� LV� HQRUPRXV�� �7KHUH� DUH
PDQ\�DUJXPHQWV�VXJJHVWLQJ�D�´0LVVLRQ�,PSRVVLEOHµ���%XW�VLQFH�WKH�FRQFHSW�GRHV�QRW�YLRODWH�DQ\�ODZV
RI�SK\VLFV�DQG�VLQFH�WKH�LQIUDUHG�UHVXOWV�DUH�VR�FRPSHOOLQJ��D�ODUJH�QDWLRQDO�UHVHDUFK�SURMHFW�IRU�WKH
´:RQGHU�%XOEµ�FDQ�EH�MXVWLILHG��VHH�EHORZ��

7KHUH�DUH�WZR�RWKHU�DSSURDFKHV�ZRUWK�H[SORULQJ���&DQ�ZH�GHYHORS�EOXH�RU�89�SRZHU�ODVHUV�ZLWK
����FRQYHUVLRQ�HIILFLHQF\"��7KRVH�ODVHUV�FRXOG�SXPS�D�SKRVSKRU���7KH�FRQYHUVLRQ�SURFHVV�UHVXOWV
LQ� D�GRZQ�FRQYHUVLRQ� UHODWHG� HQHUJ\� ORVV�� DQG����OP�:�ZRXOG�QRW�EH�SRVVLEOH�� EXW�ZH� VWLOO� FRXOG
EHDW�DOO�RWKHU�OLJKW�VRXUFHV��LQFOXGLQJ�WKH�/('�

7KH� VHFRQG� DSSURDFK� LV� /('� EDVHG�� � :K\� VKRXOG� /('V� EH� OLPLWHG� WR� D� ���� FRQYHUVLRQ
HIILFLHQF\� ���OP�:�"� � ,Q� WKH� UHG�*D$O,Q3� V\VWHP�� +HZOHWW�3DFNDUG� UHFHQWO\� UHSRUWHG� D� TXDQWXP
HIILFLHQF\�RI�����FRUUHVSRQGLQJ�WR�DQ�HQHUJ\�FRQYHUVLRQ�HIILFLHQF\�RI�������+RZ�IDU�FDQ�ZH�SXVK
WKH�*D,Q1�V\VWHP"��,V�WKH��������UDQJH�D�UHDOLVWLF�WDUJHW�DQG�ZRUWK�D�PDMRU�UHVHDUFK�SURMHFW"

6XSSRVH�ZH�DUH�VXFFHVVIXO�LQ�FUHDWLQJ�VXFK�D�OLJKW�VRXUFH��:KDW�ZLOO�EH�WKH�JOREDO�HFRQRPLF�DQG
HQHUJ\� LPSDFW� RI� WKH� SHQHWUDWLRQ� RI� VHPLFRQGXFWRU� ODPSV� LQWR� QRW� RQO\� WKDW� SDUW� RI� WKH� OLJKWLQJ
PDUNHW�VHUYHG�E\�LQFDQGHVFHQW�ODPSV��EXW�LQWR�WKDW�SDUW�RI�WKH�OLJKWLQJ�PDUNHW�VHUYHG�E\�IOXRUHVFHQW
ODPSV�"��7R�DQVZHU�WKLV�TXHVWLRQ�UHTXLUHV�FUHDWLQJ�DQ�HFRQRPLF�PRGHO�IRU�WKH�HYROXWLRQ�RI�OLJKWLQJ
XVDJH� VLPLODU� WR� WKDW� GHVFULEHG� SUHYLRXVO\�� � 7KH�PRGHO� LV� GHVFULEHG� LQ� GHWDLO� LQ�$SSHQGL[� &�� 7KH
RYHUDOO� SURMHFWHG� VDYLQJV� DUH� VXPPDUL]HG� LQ� 7DEOH� ��� � 7KH� NH\� PRGLILHG� DVVXPSWLRQV� IURP� WKH
SUHYLRXV�PRGHO�DUH�

• 6HPLFRQGXFWRU� ODPS� SHQHWUDWLRQ� LV� DFFHOHUDWHG� IURP� ����� RQ�� UHDFKLQJ� ��� LQ� ������ � $QG�
LQVWHDG�RI�IODWWHQLQJ�RXW�DW������WKH�SHQHWUDWLRQ�FRQWLQXHV�WR�ULVH�DQG�UHDFKHV�����LQ�������VHH
7DEOH�&��LQ�$SSHQGL[�&��

• 7KH�FRVW�SHU�NOP�RI�IOX[�LV�DVVXPHG�WR�EH�WKH�VDPH�DV�LQ�WKH�SUHYLRXV�PRGHO��EHFDXVH�WKH�FRVW
IRUHFDVW�LV�DOUHDG\�TXLWH�DJJUHVVLYH�

• 6LQFH�WKLV�PRUH�HIILFLHQW�ODPS�FDQ�DWWDFN�WKH�IOXRUHVFHQW�ODPS�LQVWDOODWLRQV��WKH�HIILFLHQF\�RI�WKH
UHSODFHG�ODPSV�NHHSV�ULVLQJ�WR���OP�:�LQ�������6LPLODUO\�WKH�DYHUDJH�HIILFLHQF\�RI�WKH�QHZ�ODPSV
NHHSV� ULVLQJ� DQG� UHDFKHV� ���OP�:� LQ� ������ � 7KLV� YDOXH� LV� OHVV� WKDQ� WKH� ���OP�:� PHQWLRQHG
DERYH���7KH�GLIIHUHQFH�LV�GXH�WR�WKH�IDFW�WKDW�ZH�QHHG�D�EURDG�IDPLO\�RI�ODPSV�DQG�QRW�DOO�ODPSV
ZLOO�EH�DW����OP�:�

�����������������������������������������������������
������OP�:�ZRXOG�EH�WKH�HIILFLHQF\�RI�D�ZKLWH� OLJKW�VRXUFH�PDGH�XS�RI�VL[�/('V�VSDFHG�HYHQO\�E\���QP� IURP����QP� WR
���QP�DQG�ZKLFK�FRQYHUW�HOHFWULFDO�WR�RSWLFDO�SRZHU�ZLWK�����HIILFLHQF\�DW�HDFK�ZDYHOHQJWK�
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7DEOH�����3URMHFWHG�JOREDO�VDYLQJV�LQ�HQHUJ\��HQHUJ\�FRVW��DQG�HQHUJ\�JHQHUDWLQJ�FDSDFLW\�GXH�WR�VHPLFRQGXFWRU�OLJKWLQJ
SHQHWUDWLRQ�LQWR�VSHFLDOW\�DQG�JHQHUDO�OLJKWLQJ�PDUNHWV��DVVXPLQJ�VHPLFRQGXFWRU�OLJKWLQJ�HIILFLHQFLHV�LQFUHDVH�WR����OP�:
DQG�EH\RQG�

7R�SXW�WKH�DERYH�LQWR�SHUVSHFWLYH��7KH�����%�VDYLQJ�LQ������FRUUHVSRQGV�WR�����RI�WKH�����%
FRQYHQWLRQDO� OLJKWLQJ� ZRXOG� KDYH� FRVW�� � 7KDW� DOVR� UHSUHVHQWV� D� ���� UHGXFWLRQ� LQ� WKH� FDUERQ
HPLVVLRQV�DVVRFLDWHG�ZLWK�HOHFWULFLW\�� �RU�����PLOOLRQ� WRQV�� �7KHVH�DUH�RQJRLQJ�VDYLQJV� LQ�HOHFWULFLW\
XVDJH�HYHU\�\HDU���7KH�VDYLQJV�LQ�WKH�HOHFWULFLW\�JHQHUDWLRQ�FDSDFLW\�WKDW�ZRXOG�EH�IUHHG�IRU�RWKHU�XVHV
RU� WKDW�ZRXOG�QRW�QHHG� WR�EH�FUHDWHG� LV����*:�� WKH�HTXLYDOHQW�RI���� ODUJH�����*:�SRZHU�SODQWV�
ZKLFK�ZRXOG�UHTXLUH�DSSUR[LPDWHO\����%�WR�FRQVWUXFW�

���0$*1,78'(�$1'�1$785(�2)�$�1$7,21$/�/,*+7,1*�5(6($5&+
352*5$0

7KH�EHQHILWV�RI�WKH�HIILFLHQF\�EUHDNWKURXJK�GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ�DQG�VXPPDUL]HG�LQ
7DEOH��� DUH�YHU\� ODUJH� LQGHHG��ERWK� IRU� WKH�8�6�� DQG� IRU� WKH�ZRUOG�� �+RZHYHU�� D� VHW�RI� HQRUPRXV
WHFKQLFDO�SUREOHPV�KDV� WR�EH� WDFNOHG�� DQG� WKH�EUHDNWKURXJKV� WKDW� DUH� UHTXLUHG� DUH�QRW� OLNHO\� WR�EH
DFKLHYHG�ZLWKRXW�D�FRQFHUWHG��FRRUGLQDWHG�QDWLRQDO�HIIRUW���,Q�WKLV�VHFWLRQ��ZH�GLVFXVV�WKH�QDWXUH��VL]H
DQG�SRVVLEOH�VWUXFWXUH�RI�VXFK�DQ�HIIRUW�

$��7HFKQLFDO�$UHDV

$V�PHQWLRQHG�LQ�WKH�SUHFHGLQJ�VHFWLRQ��D�VHW�RI�HQRUPRXV�WHFKQLFDO�SUREOHPV�KDV�WR�EH�WDFNOHG�
7R�LQFUHDVH�WKH�SUREDELOLW\�RI�VXFFHVV�DQG�WR�DFFHOHUDWH�WKH�/('�SHQHWUDWLRQ�LQ�WKH�HDUO\�\HDUV�WKH
IROORZLQJ�WKUHH�WHFKQLFDO�DUHDV�KDYH�WR�EH�DGGUHVVHG�

�� � &RVW� 5HGXFWLRQ� RI� WKH� /('�/DPS�� � ,,,�9�PDWHULDOV� DQG� SURFHVVHV� DUH� D� IDU� FU\� IURP� WKH
SURFHVVHV�XVHG��LQ�WKH�VLOLFRQ�LQGXVWU\���7KH�ZDIHUV�DUH�VPDOO�DQG�IUDJLOH��SURFHVVHV�DUH�FRPSOH[�DQG
KDYH�SUDFWLFDOO\�QR�PDUJLQ�IRU�HUURU��QDUURZ�SURFHVV�ZLQGRZV��� �<LHOGV�DUH�YDULDEOH�DQG� WKH�GHYLFH
SDUDPHWHUV� YDU\� DOO� RYHU� WKH� PDS�� � 7KH� GHYHORSPHQW� RI� UREXVW� PDQXIDFWXULQJ� HTXLSPHQW� DQG
SURFHVVHV� ZLWK� VXEVWDQWLDOO\� LPSURYHG� FRQWUROV� LV� RQH� RI� WKH� PRVW� LPSRUWDQW� HOHPHQWV� RI� WKLV
SURJUDP�

7KH�PDQXIDFWXULQJ� LQIUDVWUXFWXUH� WHFKQRORJLHV� GHYHORSHG�ZRXOG� DOVR� KDYH� VXEVWDQWLDO� VSLQ�RII
EHQHILW� WR� D�ZLGH� UDQJH� RI� FRPSRXQG� VHPLFRQGXFWRU� GHYLFH� W\SHV�� � 7KHVH� LQFOXGH� RSWRHOHFWURQLF
�/('V��GLRGH�ODVHUV��9&6(/V��PRGXODWRUV��DQG�SKRWRGHWHFWRUV���HOHFWURQLF��ERWK�GLVFUHWH�WUDQVLVWRUV
DV�ZHOO�DV�DQDORJ�DQG�GLJLWDO�LQWHJUDWHG�FLUFXLWV���VHQVRU��DQG�VRODU�FHOO�GHYLFHV���7KH�PDUNHW�IRU�WKHVH
GHYLFHV�DQG�FKLSV�LV�H[SHFWHG�WR�JURZ�IURP�DSSUR[LPDWHO\���%�LQ������WR�RYHU����%�LQ��������,W�LV
FRPSRVHG�RI�FKLSV�DQG�DSSOLFDWLRQV�UDQJLQJ�IURP�KLJK�VSHHG�ODVHUV�DQG�LQWHJUDWHG�FLUFXLWV�IRU�RSWLFDO
ILEHU�DQG�5)�PLFURZDYH�ZLUHOHVV�FRPPXQLFDWLRQV�WR�KLJK�HIILFLHQF\�SKRWRYROWDLF�FHOOV�IRU�VDWHOOLWHV
WR�VKRUW�ZDYHOHQJWK�ODVHUV�IRU�GLJLWDO�YLGHRGLVN��'9'��SOD\HUV�UHFRUGHUV�

���%UHDNWKURXJK�LQ�/('�(IILFLHQF\���$V�PHQWLRQHG�HDUOLHU�� WKH�EHVW�UHSRUWHG�/('�HIILFLHQFLHV
DUH� DURXQG�����IRU� UHG�� �+RZ�IDU� FDQ�ZH�SXVK�\HOORZ�*D$O,Q3�� DQG� WKH�EOXH� DQG�JUHHQ�*D,Q1�
PDWHULDOV"��:H�PXVW�UHGXFH�WKH�UHVLVWLYH�ORVVHV�LQ�WKH�ZLGH�EDQGJDS�*D,Q1�PDWHULDO���&DQ�ZH�UHGXFH
WKH�WHPSHUDWXUH�VHQVLWLYLW\�RI�*D$O,Q3�VXFK�WKDW�RSHUDWLRQ�DW���°&�GRHV�QRW�FXW�WKH�HIILFLHQF\�E\��[
UHODWLYH�WR�URRP�WHPSHUDWXUH"��&DQ�ZH�DYRLG�WKH�HIILFLHQF\�GURS�LQ�*D,Q1�ZLWK� LQFUHDVLQJ�FXUUHQW

Year 2005 2010 2015 2020 2025
LED Penetration % 0.05 2 12 30 55
Energy Savings per year TWh/yr 2 67 330 720 1100
Energy Cost Savings per year M$/yr 200 6,700 33,000 72,000 110,000
 Energy Generating Capacity Savings GW 0.2 8 38 82 125



��

GHQVLW\"� �:LOO� D� UHGXFWLRQ� LQ� GLVORFDWLRQ� GHQVLW\� LPSURYH� WKH� HIILFLHQF\� RI� *D,Q1"� � $OO� RI� WKHVH
TXHVWLRQV�DUH�FULWLFDO�WR�LPSURYLQJ�/('�HIILFLHQF\�

,W� LV� DOVR� QRW� MXVW� VXIILFLHQW� WR� KDYH� KLJK� TXDOLW\�PDWHULDO�� � (YHQ� DIWHU� OLJKW� KDV� EHHQ� FUHDWHG
ZLWKLQ� DQ� /('� VWUXFWXUH�� LWV� H[WUDFWLRQ� SUHVHQWV� FRQVLGHUDEOH� GLIILFXOW\�� DV� WKHUH� DUH� QXPHURXV
SDUDVLWLF� FKDQQHOV� E\� ZKLFK� OLJKW� FDQ� EH� WUDSSHG� DQG� DEVRUEHG� ZLWKLQ� WKH� VWUXFWXUH�� � &OHYHU� DQG
LQQRYDWLYH� GHVLJQ� DQG� FKLS� GHVLJQ� LQWHJUDWHG� ZLWK� PDWHULDOV� DGYDQFHV� PD\� EH� NH\� KHUH�� � 7KH
GHYHORSPHQW�RI�DGYDQFHG�DQG�FRPSUHKHQVLYH�HOHFWULFDO�WUDQVSRUW�DQG�RSWLFDO�PRGHOV�IRU�WHVWLQJ�QHZ
LGHDV�ZLOO�DOVR�EH�LPSRUWDQW�

�� �/DVHUV�� �7KLV�WHFKQLFDO�DUHD�ZRXOG�EH�DLPHG�DW�FUHDWLQJ�HIILFLHQW� ODVHUV�DW�DOO�FRORUV�� � ,GHDOO\�
WKHVH� ZRXOG� EH� YHUWLFDO�FDYLW\� VXUIDFH�HPLWWLQJ� ODVHUV� �9&6(/V��� DV� WKHVH� DSSHDU� WR� EH� WKH� PRVW
DPHQDEOH� WR� EDWFK� PDQXIDFWXULQJ�� � +RZHYHU�� 9&6(/V� DUH� SHUKDSV� WKH� WRXJKHVW� VROXWLRQ�
,QQRYDWLYH�� EUHDNWKURXJK� WKLQNLQJ� DQG� D� ODUJH� QXPEHU� RI� SRWHQWLDO� RSWLRQV� ZRXOG� KDYH� WR� EH
H[SORUHG�� �$� GR]HQ� XQLYHUVLWLHV�ZLWK� VRPH�RI� RXU�PRVW� EULOOLDQW� VFLHQWLVWV� VKRXOG� SDUWLFLSDWH�� � $Q
HVSHFLDOO\� LPSRUWDQW� EUHDNWKURXJK�ZRXOG� EH� HIILFLHQW� EOXH� RU�89� ODVHUV�� �7KLV� DSSURDFK� FRXOG� EH
EDVHG�RQ�)DEU\�3HURW�ODVHUV�RU�9&6(/V���)DEU\�3HURW�ODVHUV�ZLWK�UHDVRQDEOH�SURGXFW�OLIH�KDYH�EHHQ
UHSRUWHG� DW� ���QP�� � 7KH� HIILFLHQF\� LV� VWLOO� ORZ� DQG� LPSURYHPHQWV� DUH� H[SHFWHG�� � +RZHYHU�� WKLV
WHFKQRORJ\� PXVW� DFKLHYH� D� ���� FRQYHUVLRQ� HIILFLHQF\� LQ� WKH� EOXH� RU� 89� WR� EH� DWWUDFWLYH�� 7KH
VXEVHTXHQW�FRQYHUVLRQ�WR� ORQJHU�ZDYHOHQJWK� OLJKW� LQFOXGHV�D�GRZQ�FRQYHUVLRQ�VKLIW�DQG�� WKHUHIRUH�
DQ�DGGLWLRQDO�FRQYHUVLRQ�ORVV���5HVRQDQW�FDYLW\�/('V�PD\�DOVR�SOD\�D�UROH�KHUH�

:H�QRWH�WKDW�WKHVH�WHFKQLFDO�DUHDV�FRPSOHPHQW�DQG�EXLOG�XSRQ�RQJRLQJ�IXQGDPHQWDO�UHVHDUFK�LQ
VHPLFRQGXFWRU� PDWHULDOV� DQG� GHYLFHV� DW� XQLYHUVLWLHV�� � $V� LOOXVWUDWHG� LQ� )LJXUH� ��� WKHVH� UHVHDUFK
SURJUDPV�KDYH�D�PXFK� ORQJHU� WLPH�KRUL]RQ�RI������\HDUV�� DQG�DUH�PXFK�PRUH�EURDGO\� WDUJHWHG�DW
IXQGDPHQWDO� ,,,�9� VHPLFRQGXFWRU� PDWHULDOV� DQG� GHYLFH� UHVHDUFK�� /LNHZLVH�� WKHVH� WHFKQLFDO� DUHDV
FRPSOHPHQW�DQG�EXLOG�XSRQ�RQJRLQJ�HYROXWLRQDU\�GHYHORSPHQW�DFWLYLWLHV� DW� LQGXVWULDO� ODERUDWRULHV�
7KHVH�GHYHORSPHQW�DFWLYLWLHV�KDYH�D�PXFK�VKRUWHU�WLPH�KRUL]RQ�RI�����\HDUV��DQG�DUH�YHU\�QDUURZO\
WDUJHWHG�DW�LPSURYLQJ�FXUUHQW�GHYLFHV���7KH�SURJUDP�ZH�HQYLVLRQ�ZRXOG�ILOO�WKLV�JDS��ZLWK�DQ�LQWHUPHGLDWH�WLPH
KRUL]RQ�RI������\HDUV���,W�ZRXOG�EH�DLPHG�GLUHFWO\�DW�VHPLFRQGXFWRU�OLJKWLQJ��EXW�ZRXOG�QRW�EH�FRQILQHG�WR�HYROXWLRQDU\�
ORZ�ULVN�LPSURYHPHQWV�RI�FXUUHQW�GHYLFHV�

:H�DOVR�QRWH�WKDW�WKHVH�WHFKQLFDO�DUHDV�ZRXOG�FRPSOHPHQW�VHSDUDWH�HIIRUWV�DLPHG�DW�GHYHORSLQJ
EXLOGLQJ�DQG�OLJKWLQJ�DUFKLWHFWXUHV�WKDW�FRXOG��DW�D�V\VWHP�OHYHO��H[SORLW�EHVW�WKH�XQLTXH�FKDUDFWHULVWLFV
RI�VHPLFRQGXFWRU�OLJKWLQJ�ZKLOH�VWLOO�DSSHDOLQJ�DW�D�FRQVXPHU�OHYHO�WR�KXPDQ�HUJRQRPLFV���0DQ\�RI
WKHVH� HIIRUWV� DUH� DOUHDG\� RQJRLQJ� �H�J��� WKH� 53,� OLJKWLQJ� LQVWLWXWH�� /DZUHQFH� %HUNHOH\
V� OLJKWLQJ
UHVHDUFK�FHQWHU��DQG�RWKHU�HIIRUWV�FRQQHFWHG�WR�WKH�8�6��'HSDUWPHQW�RI�(QHUJ\
V�2IILFH�RI�%XLOGLQJ
7HFKQRORJ\��6WDWH�DQG�&RPPXQLW\�3URJUDPV���DQG�FRXOG�EH�H[SDQGHG�WR�LQFOXGH�D�IRUZDUG�ORRNLQJ
FRPSRQHQW�RQ�VHPLFRQGXFWRU�OLJKWLQJ�

)LJXUH�����&XUUHQW�DQG�SURSRVHG
5	'�LQYHVWPHQWV�LQ�WKH�DUHD�RI
VHPLFRQGXFWRU�OLJKWLQJ�

%��2UJDQL]DWLRQ

2I� WKH� DERYH� WHFKQLFDO
DUHDV�� WKH� PDQXIDFWXULQJ
WHFKQRORJLHV� DGGUHVVHG� LQ� DUHD
�� KDYH� WR� EH� WDFNOHG� E\

LQGXVWU\�ZLWK� LPSRUWDQW� KHOS� IURP� QDWLRQDO� ODERUDWRULHV�� �8QLYHUVLWLHV� FDQ� SDUWLFLSDWH� LQ� H[SORULQJ
VRPH�VXEWDVNV��,Q�WKH�UHPDLQLQJ�WHFKQLFDO�DUHDV���DQG����XQLYHUVLWLHV�FDQ�DQG�PXVW�SOD\�DQ�LPSRUWDQW
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UROH���:H�HQYLVLRQ�WKDW�FOXVWHUV�RI�XQLYHUVLWLHV��VLPLODU�WR�WKH�H[LVWLQJ�'$53$�FHQWHUV��MRLQWO\�DWWDFN�D
VHULHV�RI�ZHOO�GHILQHG�UHVHDUFK�WDVNV�IROORZHG�E\�D�WHFKQRORJ\�WUDQVIHU�WR�WKH�LQGXVWULDO�SDUWQHUV�

:H�IXUWKHU�HQYLVLRQ�WKDW�RQH�RU�PRUH�RI�WKH�QDWLRQDO� ODERUDWRULHV�FRXOG�FRRUGLQDWH�WKH�RYHUDOO
SURMHFW�� DORQJ� ZLWK� WKH� XQLYHUVLW\� SURJUDPV�� � 7KHVH� QRQ�SURILW� QDWLRQDO� ODERUDWRULHV� FDQ� EH� WKH
UHFLSLHQW�RI�SURSULHWDU\�LQIRUPDWLRQ�IURP�YDULRXV�FRPSDQLHV��DQG�KHQFH�FDQ�KHOS�IDFLOLWDWH�ZRUN�WKDW
ZRXOG�UHTXLUH�DFFHVV�WR�VXFK�LQIRUPDWLRQ�DQG�WKDW�ZRXOG�DOVR�EHQHILW�WKH�ODUJHU�FRQVRUWLXP�

,Q� SULQFLSOH�� WKHUH� PD\� EH� PRUH� WKDQ� RQH� FRQVRUWLXP�� � ,Q� WKH� PDMRU� FRQVRUWLXP� WKDW� ZH
HQYLVLRQ�� LQGXVWU\�SDUWLFLSDWLRQ�VKRXOG� LQFOXGH�DQG�EH� OLPLWHG� WR� WKH�����PDMRU�SOD\HUV� LQ� WKLV�DUHD�
+3�3KLOLSV��(PFRUH�:L7HFK�*(�DQG��SRVVLEO\��&UHH�2VUDP�6\OYDQLD���7KH�����JURXSV�PHQWLRQHG
DERYH�DUH�DOO� HVWDEOLVKHG� OLJKWLQJ� VXSSOLHUV� DQG�DUH� DOO�SDUWQHULQJ�ZLWK� WKH� OHDGLQJ�1RUWK�$PHULFDQ
DQG�(XURSHDQ�WHFKQRORJ\�FRPSDQLHV�LQ�FRPSRXQG�VHPLFRQGXFWRUV���$�FRQVRUWLXP�ZLWK�WKHVH�QHDUO\
HTXDO� SDUWQHUV� VKRXOG� HQVXUH� D� IDLUO\� HIIHFWLYH� FRRSHUDWLRQ� VLQFH� DOO� SDUWQHUV� KDYH� FRPSDUDEOH
RSSRUWXQLWLHV�WR�H[SORLW� WKH�WHFKQRORJ\�� �:LWK�VPDOOHU�FRPSHWLWRUV� LQ� WKH�FRQVRUWLXP��ZH�IHDU� WKDW
WKH�RSHQQHVV�RI�WKH�FRRSHUDWLRQ�ZRXOG�VXIIHU����WKH�VPDOOHU�SDUWQHUV�ZRXOG�GHPDQG�DQ�HTXDO�VKDUH
LQ�WKH�WHFKQRORJ\�IRU�D�YHU\�VPDOO�FRQWULEXWLRQ�WR�WKH�RYHUDOO�SURJUDP���,I�VPDOOHU�FRPSDQLHV�ZRXOG
OLNH�WR�SDUWLFLSDWH�LQ�VRPH�ZD\��WKHQ�ZH�VXJJHVW�WKDW�WKH\�GR�VR�WKURXJK�VHSDUDWH�FRQVRUWLD�

&��6L]H

+RZ� PXFK� '2(� VXSSRUW� LV� UHTXLUHG� WR� DFKLHYH� FULWLFDO� PDVV� DQG� WR� DVVXUH� D� FUHGLEOH
RSSRUWXQLW\�WR�VXFFHHG�ZLWK�D�VLJQLILFDQW�EUHDNWKURXJK"� �/HW�XV�VWDUW�ZLWK�DQ�HVWLPDWH�RI�ZKDW� WKH
OLJKWLQJ�LQGXVWU\��WKH���DERYH�SDUWQHUVKLSV��ZLOO�VSHQG�RQ�VKRUW�WHUP�GHYHORSPHQW�RI�PRQRFKURPH
DQG�ZKLWH�SRZHU�/('V��QRW�LQFOXGLQJ�WKH�GHYHORSPHQW�RI�VPDOO�VLJQDO�/('�LQGLFDWRUV�DQG�GLVSOD\V�
������0�LQ���������������0�LQ������DQG���������0�LQ��������7KLV�VSHQGLQJ�FKDLQ�ZLOO�VXP�WR���%
RYHU����\HDUV�

7KLV� WRWDO� IUDPHV� WKH� PDJQLWXGH� RI� WKH� LQYHVWPHQW�� EXW� LV� GZDUIHG� E\� WKH� PDJQLWXGH� RI� WKH
SRWHQWLDO�FRVW�VDYLQJV�LQGLFDWHG�LQ�7DEOH�����,W�LV�DQ�XSSHU�ERXQG�WR�WKH�'2(�VXSSRUW�UHTXLUHG�IRU
WKH� LQLWLDWLYH� ZH� SURSRVH�� EXW� VKRXOG� QRW� EH� IDU� RII� WKH� PDUN�� � $Q� HQRUPRXV� VHW� RI� WHFKQLFDO
SUREOHPV�KDV� WR�EH� WDFNOHG�� DQG� WKH�EUHDNWKURXJKV� WKDW� DUH� UHTXLUHG� DUH�QRW� OLNHO\� WR�EH� DFKLHYHG
ZLWKRXW� D� VLPLODU� FULWLFDO� PDVV�� � +HQFH�� ZH� EHOLHYH� D� '2(� VXSSRUWHG� SURJUDP� VKRXOG� EH� RI� D
FRPSDUDEOH�PDJQLWXGH�� L�H�������0�IRU�WKH�SHULRG�IURP������WR������� �:H�ZRXOG�SURSRVH� WR�VWDUW
ZLWK����0� LQ����������0� LQ������DQG����0�IRU������DQG� WKHUHDIWHU�� �7KLV�SURJUDP�UHSUHVHQWV� D
VPDOOHU�LQYHVWPHQW��DSSURSULDWH�IRU�D�KLJKHU�ULVN�SURJUDP�ZLWK�ORQJHU�WHUP�LPSDFW��EXW�WKH�SD\�RII�LV
HYHQ�PRUH�SURIRXQG��DV�LQGLFDWHG�LQ�7DEOH���

+RZ�VKRXOG�WKHVH�IXQGV�EH�GLVWULEXWHG"��2XU�LQLWLDO�SURSRVDO�LV�LQ�WKH�UDQJH�RI�����������WR
����������IRU�XQLYHUVLWLHV�QDWLRQDO�ODERUDWRU\�LQGXVWU\�� �7KHUH�VKRXOG�EH�DQ�DGGLWLRQDO�FRQGLWLRQ
RQ� WKH� IXQGV� JRLQJ� WR� LQGXVWU\�� ����PDWFKLQJ�� �7KH� LQGXVWU\� VKRXOG�QRW� UHFHLYH�PRUH� WKDQ� ��� IRU
HYHU\����RI�LWV�RZQ�5	'�VSHQGLQJ�LQ�VHPLFRQGXFWRU�EDVHG�OLJKWLQJ���7KLV�GHJUHH�RI�LQGXVWU\�FRVW�
VKDULQJ� IRU� D� SURJUDP� WKLV� IRUZDUG�ORRNLQJ� DQG� RI� WKLV� PDJQLWXGH� LV� XQSUHFHGHQWHG�� DQG� LV� DQ
LQGLFDWLRQ�RI�RXU�VHULRXVQHVV�

'��5LVN�([SRVXUH

6RPH�SHRSOH�ZLOO�TXLFNO\�UDLVH�WKH�TXHVWLRQ���,I�WKLV�LV�VXFK�D�JUHDW�GHDO��ZK\�GRHVQ·W�WKH�LQGXVWU\
SD\�IRU�LW�RXW�RI�WKHLU�SURILWV"��7KH�DQVZHU�LV�TXLWH�VLPSOH���7KH�SURILWV�DUHQ·W�WKHUH��DW�OHDVW�QRW�LQ�WKH
QH[W�VL[�\HDUV�

%HWZHHQ�QRZ�DQG�WKH�PLGGOH�RI�WKH�QH[W�GHFDGH��WKH�SRZHU�VLJQDOLQJ�DQG�OLJKWLQJ�VHJPHQWV�RI
WKH�/('�LQGXVWU\�ZLOO�EH� ORVLQJ�PRQH\�� �7KH�FDOFXODWLRQ�EHKLQG�WKLV�VWDWHPHQW� LV�TXLWH�VLPSOH�� � ,Q
������ 6WUDWHJLHV� 8QOLPLWHG� HVWLPDWHV� WKDW� WKH� SRZHU� VLJQDOLQJ� PDUNHW� UHSUHVHQWV� ����0� RI� WKH
������0�/('�PDUNHW�� �$W�D�JURZWK�UDWH�RI������ LW�ZLOO� JURZ� WR�������0� LQ������� � ,Q������� DQG�
PRVW� OLNHO\��DOVR� LQ�������DSSUR[LPDWHO\�KDOI�RI�WKLV�PDUNHW�ZLOO�EH�FRQWUROOHG�E\�$VLDQ�FRPSDQLHV�



��

7KH� LOOXPLQDWLRQ�PDUNHW�ZLOO� JURZ� IURP� QRWKLQJ� WRGD\� WR� ����0� LQ� ����� EULQJLQJ� WKH� FRPELQHG
SRZHU�VLJQDOLQJ�DQG�OLJKWLQJ�PDUNHWV�WR�������0�RU�����0�IRU�WKH�QRQ�$VLDQ�SDUWLFLSDQWV�

%HFDXVH� RI� WKH� SRWHQWLDO� VL]H� RI� WKH� LOOXPLQDWLRQ�PDUNHW� EH\RQG� ������ ZH� HVWLPDWH� WKH� 5	'
VSHQGLQJ�RI�WKH�8�6��DQG�(XURSHDQ�SRZHU�/('�LQGXVWU\�ZLOO�EH�YHU\� ODUJH�� �������0�LQ������DQG
��������0� LQ������� � ,Q������� WKLV�5	'�VSHQGLQJ� UHSUHVHQWV� �������RI� UHYHQXH�GURSSLQJ� WR����
����E\��������:LWK�FRVW�RI�JRRGV�VROG�W\SLFDOO\�LQ�WKH��������UDQJH��DQG�VHOOLQJ�DQG�DGPLQLVWUDWLYH
H[SHQVHV�RI���������VLPSOH�DULWKPHWLF�VKRZV�WKDW�LQ�������WKH�LQGXVWU\�ZLOO�EH�LQ�WKH�UHG�WR�WKH�WXQH
RI��������RI� UHYHQXH�DQG��ZLWK� VRPH� OXFN��PLJKW�EUHDN� HYHQ� LQ� ������ �7KH�RQO\�ZD\�RXW�RI� WKLV
GLOHPPD� LV� D� GUDVWLF� UHGXFWLRQ� LQ� 5	'� VSHQGLQJ�� � ,I� WKH� LQGXVWU\� FKRRVHV� WKLV� RSWLRQ�� WKHQ� WKH
FULWLFDO�WKUHVKROG�RI���OP�:�DQG������NOP�IRU�SHQHWUDWLRQ�RI�ZKLWH�OLJKWLQJ�PRYHV�RXW��ZHOO�EH\RQG
������ �7KH�HQHUJ\�VDYLQJV�GLVFXVVHG� LQ�$SSHQGL[�&�DQG�7DEOH���ZLOO� VKLIW�FRUUHVSRQGLQJO\� WR� ODWHU
\HDUV�

7KH�RQO\�ZD\�WR�DFKLHYH�WKH�HQHUJ\�VDYLQJV�RI�7DEOH���DQG��VXEVHTXHQWO\��RI�7DEOH����LV�WKURXJK�D
JRYHUQPHQW�LQGXVWU\�SDUWQHUVKLS��ZKHUH�WKH�LQGXVWU\�FRPPLWV�WR�WKH�/('�SURJUDP��DQG�LWV�ILQDQFLDO
ORVVHV� LQ� WKH� HDUO\� \HDUV��� DQG� WKH� JRYHUQPHQW� FRPPLWV� WR� DQ� /('� RU� ODVHU� EDVHG� EUHDNWKURXJK
DWWHPSW�RI�FRPSDUDEOH�PDJQLWXGH�

7KHUH�DUH�EHQHILWV�IRU�ERWK�VLGHV�WKDW�MXVWLI\�WKLV�ULVN�H[SRVXUH���:H�FUHDWH�D�QHZ�VHJPHQW�RI�WKH
OLJKWLQJ� LQGXVWU\� WKDW� LV� /('� EDVHG�� � 7KH� YDOXH� RI� WKLV� VHJPHQW� LV� VXEVWDQWLDOO\� HQKDQFHG� E\� WKH
JRYHUQPHQW·V� IXQGLQJ� RI� WKH� EUHDNWKURXJK� DWWHPSW�� � ,I� WKH� DWWHPSW� LV� VXFFHVVIXO�� WKH� LQGXVWU\·V
UHWXUQ� RII�VHWV� WKH� ORVVHV� LQ� WKH� HDUO\� \HDUV� DQG� WKH� WD[SD\HU� REWDLQV� D� VXEVWDQWLDO� UHGXFWLRQ� LQ
HOHFWULFLW\�ELOOV��\HDU�DIWHU�\HDU�IRU�D�ORQJ�WLPH�WR�FRPH�

(��,QWHOOHFWXDO�3URSHUW\

,QWHOOHFWXDO�SURSHUW\�DQG�KRZ�WR�GHDO�ZLWK�LW�DUH�LVVXHV�WKDW�DOZD\V�DULVH�ZLWK�WHFKQRORJ\�UHVHDUFK
DQG�GHYHORSPHQW�SDUWQHUVKLSV���$PRQJ�WKH�LVVXHV�WKDW�ZRXOG�KDYH�WR�EH�UHVROYHG���/LFHQVLQJ�WHUPV
IRU� XQLYHUVLW\�JHQHUDWHG� ,3�� VKDULQJ� RI� QDWLRQDO�ODERUDWRU\�JHQHUDWHG� ,3�� RZQHUVKLS� DQG� OLFHQVLQJ
WHUPV�IRU�LQGXVWU\�JHQHUDWHG�,3�VXSSRUWHG�E\�'2(�IXQGV�

5HVROYLQJ�WKHVH�LVVXHV�ZLOO�UHTXLUH�VRPH�GLVFXVVLRQV�EHWZHHQ�WKH�SDUWLHV�LQYROYHG��EXW�ZH�GR�QRW
EHOLHYH�WKH\�DUH�D�GHDO�NLOOHU���6HPDWHFK��WKH�FRQVRUWLXP�RI�VHPLFRQGXFWRU�PDQXIDFWXULQJ�HTXLSPHQW
VXSSOLHUV�� KDG� WR� VROYH� D� VLPLODU� SUREOHP� VHYHUDO� \HDUV� DJR�� � 7KH� 'HSDUWPHQW� RI� &RPPHUFH
V
$GYDQFHG� 7HFKQRORJ\� 3URJUDP� DOVR� KDV� D� JUHDW� GHDO� RI� H[SHULHQFH� ZLWK� WKLV�� � ,QGHHG�� ZH� ZRXOG
H[SHFW� WR� ERUURZ� LGHDV� IURP� RWKHU� VXFFHVVIXO� JRYHUQPHQW�LQGXVWU\�XQLYHUVLW\� SDUWQHUVKLSV� LQ
LQWHUPHGLDWH� WLPH�KRUL]RQ� WHFKQRORJLHV�� � 7KHVH� WHFKQRORJLHV� DUH� IRUZDUG�ORRNLQJ� HQRXJK� WKDW
VKDULQJ� WKH� ULVN� DQG� WKH� UHZDUGV� LV� UHDVRQDEOH� HYHQ� IRU� WKH� ODUJHVW� FRPSDQLHV�� ZKLOH� LPSRUWDQW
HQRXJK�WKDW�WKH�QDWLRQ�FDQQRW�DIIRUG�QRW�WR�LQYHVW�

���&21&/86,216

,Q� VXPPDU\�� ZH� KDYH� SUHVHQWHG� D� FDVH� IRU� D� QDWLRQDO� UHVHDUFK� SURJUDP� RQ� VHPLFRQGXFWRU
OLJKWLQJ�� �(QRXJK�SURJUHVV�KDV�EHHQ�PDGH� VLQFH� WKH� ILUVW�SURGXFWV� LQ� WKH�����
V� WR�NQRZ� WKDW� WKLV
WHFKQRORJ\�LV�UHDO�DQG�WKDW�LW�KDV�WKH�SRWHQWLDO�WR�DOWHU�VLJQLILFDQWO\�WKH�HFRQRPLFV�RI�HQHUJ\�XVDJH�

:H�KDYH�DOVR�LGHQWLILHG�DQ� LQYHVWPHQW�JDS�WKDW�� LI�FORVHG��FRXOG�UHYROXWLRQL]H�WKH�GHYHORSPHQW
DQG�XOWLPDWH�DSSOLFDWLRQ�RI�WKLV�WHFKQRORJ\���:H�EHOLHYH�WKLV�JDS�UHSUHVHQWV�D�XQLTXH�RSSRUWXQLW\�WR
HQJDJH� RXU� QDWLRQ
V� EHVW� VFLHQWLVWV� DQG� HQJLQHHUV� LQ� D� XQLYHUVLW\�QDWLRQDO� ODE�LQGXVWU\� UHVHDUFK
SURJUDP�ZKRVH�VXFFHVV�ZRXOG�WUXO\�FKDQJH�WKH�ZD\�ZH�OLYH�



��

$33(1',;�$���(;$03/(6�2)�32:(5�6,*1$/,1*�$1'�/2:�)/8;
:+,7(�/,*+7,1*�$33/,&$7,216

,Q�WKLV�$SSHQGL[��ZH�GHVFULEH�VRPH�H[DPSOHV�RI�VSHFLDOW\�OLJKWLQJ�DSSOLFDWLRQV�IRU�ZKLFK�/('V�
ZLWK� FXUUHQW� DQG� SURMHFWHG� SHUIRUPDQFH� DQG� FRVW�� FDQ� FRPSHWH� HIIHFWLYHO\� ZLWK� LQFDQGHVFHQW
VROXWLRQV�� �1RWH�WKDW��DV�ZLWK�DQ\�UHODWLYHO\� LPPDWXUH�WHFKQRORJ\�� LQ� WKH�HDUO\�\HDUV�/('�VROXWLRQV
ZLOO�EH�PRUH�H[SHQVLYH�WKDQ�LQFDQGHVFHQW�VROXWLRQV���7R�MXVWLI\�WKHLU�VHOHFWLRQ��WKH�KLJKHU�LQLWLDO�FRVW
KDV� WR�EH�FRPSHQVDWHG�E\�D�FRPELQDWLRQ�RI�EHQHILWV�VXFK�DV�HQHUJ\�VDYLQJV�RYHU� WKH�SURGXFW� OLIH�
VZLWFKLQJ�VSHHG��UXJJHGQHVV��RSHUDWLQJ�OLIH��HWF�

0RQRFKURPH�$SSOLFDWLRQV

7UDIILF� /LJKWV�� � $� ��� LQFK� WUDIILF� OLJKW� LQ� WKH� 86� XVXDOO\� XVHV� D� ���:� ORQJ�OLIH� OLJKW� EXOE� LQ
FRPELQDWLRQ�ZLWK�D� UHG�� \HOORZ�RU� JUHHQ� ILOWHU�� �7KH�PRVW� DGYDQFHG� UHG�/('�VROXWLRQ�XVHV� �����
ODPSV�SHU�WUDIILF�OLJKW�DQG�FRQVXPHV�D�WRWDO�RI���:� LQFOXGLQJ�SRZHU�VXSSO\� ORVVHV�� �$�VLQJOH�/('
WUDIILF�OLJKW�VHOOV�IRU������FRPSDUHG�ZLWK�D�����FRVW�RI�DQ�LQFDQGHVFHQW�VROXWLRQ���7KH�RSHUDWLQJ�FRVW
IRU�HOHFWULFLW\� LV�DSSUR[LPDWHO\�����SHU�\HDU� IRU� WKH�/('�FRPSDUHG�ZLWK����� IRU� WKH� LQFDQGHVFHQW
PRGHO���7KH�ORQJ�RSHUDWLQJ�OLIH�RI�WKH�/('�IXUWKHU�UHGXFHV�PDLQWHQDQFH�DQG�HPHUJHQF\�UHSDLU�FRVWV�
7KH�SD\EDFN�SHULRG� IRU� WKH�KLJKHU�/('� LQYHVWPHQW� LV� VLJQLILFDQWO\� OHVV� WKDQ�RQH� \HDU�� �7KHUH� DUH
��0�UHG�\HOORZ�JUHHQ�WUDIILF� OLJKWV� LQ�WKH�86$�FRQVXPLQJ�DSSUR[LPDWHO\����0:�RI�SRZHU�� �5HG
OLJKWV�DUH�OLW�RQ�DQ�DYHUDJH�����RI�WKH�WLPH������LQ�WKH�FDVH�RI�UHG�DUURZV���-XVW�FRQYHUWLQJ�DOO�UHG
OLJKWV�WR�/('V�ZRXOG�UHGXFH�WKH�86�HOHFWULFLW\�FRQVXPSWLRQ�E\�DSSUR[LPDWHO\����0:�

6DIHW\�(PHUJHQF\�/LJKWV�� �$OO� ODUJH�EXLOGLQJV�ZLWK�SXEOLF� DFFHVV�PXVW�KDYH� OLJKWHG�HPHUJHQF\
VLJQV� DVVLVWLQJ� WKH� HYDFXDWLRQ� GXULQJ� D� SRZHU� IDLOXUH�� � 7KHVH� ´([LWµ� VLJQV� DUH� GHVLJQHG� ZLWK� WZR
LQFDQGHVFHQW�RU�FRPSDFW�IOXRUHVFHQW�ODPSV�FRQVXPLQJ������:���$�VROXWLRQ�XVLQJ�DSSUR[LPDWHO\����
FKHDS�/('V�LV�FRPSDUDEOH�LQ�FRVW�WR�WKH�FRQYHQWLRQDO�VROXWLRQ�EXW�XVHV�RQO\��:���$Q�/('�VROXWLRQ
QRW�RQO\�VDYHV�����WR�����LQ�DQQXDO�HOHFWULFLW\�FRVW�SHU�VLJQ��LW�DOVR�UHGXFHV�WKH�VL]H�DQG�FRVW�RI�WKH
VWDQG�E\�EDWWHU\�

'HFRUDWLYH�/LJKWLQJ���)RU�PDQ\�\HDUV�WKH�WUDGHPDUN�RI�WKH�)RUG�7KXQGHUELUG�ZDV�D�WDLOOLJKW�WKDW
FRYHUHG�WKH�HQWLUH�ZLGWK�RI�WKH�FDU���:KHQ�WKH�FDU�GHVLJQHUV�ORZHUHG�WKH�WUXQN�OLG�DOO�WKH�ZD\�WR�WKH
EXPSHU�IRU�HDVLHU�DFFHVV��WKH�ZLGH�WDLO�OLJKW�KDG�WR�JR���6ODPPLQJ�WKH�OLG�ZKHQ�WKH�WDLO�OLJKW�VZLWFKHG
RQ�ZRXOG�KDYH�EURNHQ�WKH�ILODPHQWV�RI�DQ\�LQFDQGHVFHQW�ODPS���6R��IRU�D�IHZ�\HDUV�LQ�WKH�ODWH���·V
WKH�7�ELUG�ZDV�EXLOW�ZLWKRXW�LWV�WUDGH�PDUN�WDLO�OLJKW���)RU�WKH������PRGHO�\HDU��+3�GHVLJQHG�DQ�/('
EDVHG�WDLOOLJKW�WKDW�FRXOG�VXUYLYH�UHSHDWHG�VODPPLQJ�RI�WKH�WUXQN�OLG�DW�QLJKW�

$QRWKHU� GHFRUDWLYH� OLJKWLQJ� DSSOLFDWLRQ� HPHUJHG� UHFHQWO\�� � 7KH� $XVWUDOLDQ� EUDQFK� RI� WKH
0F'RQDOG·V� UHVWDXUDQW� FKDLQ� VWDUWHG� WR� RXWOLQH� WKH� URRI� OLQHV� RI� LWV� EXLOGLQJV�ZLWK� D� FKDLQ� RI� UHG
/('·V�� �/('·V� DUH� VLJQLILFDQWO\�PRUH� HQHUJ\� HIILFLHQW� WKDQ� WKH� FRPSHWLQJ� QHRQ� WHFKQRORJ\�� �5HG
/('·V�DUH�DOUHDG\�DW�FRVW�SDULW\�ZLWK�QHRQ�DQG�ZH�H[SHFW�VLPLODU�FRVW�SDULW\� IRU�\HOORZ��JUHHQ�DQG
EOXH� LQ� ���� \HDUV�� � 7KHUH� DUH� WKUHH�PDMRU� JURXSV� RI� FRPPHUFLDO� HQWHUSULVHV� WKDW� DUH� LQWHUHVWHG� LQ
GHFRUDWLYH�OLJKWLQJ���IDVW�IRRG�FKDLQV��JDV�VWDWLRQV�DQG�KRWHOV���$OO�WKUHH�JURXSV�ZLVK�WR�EH�QRWLFHG�E\
SHRSOH�GULYLQJ�DW�QLJKW�

$XWRPRELOH�7DLO�/LJKWV��$V�PHQWLRQHG�HDUOLHU��/('V�VWDUWHG�RQ�WKH�WDLO�HQG�RI�FDUV�VKRUWO\�DIWHU
WKH�&+06/�ZDV�PDGH�D�PDQGDWRU\�IHDWXUH�LQ�WKH�86$�LQ��������$V�RI�������/('·V�KDYH�UHDFKHG�D
SHQHWUDWLRQ�RI��������RI�WKRVH�FDUV�HTXLSSHG�ZLWK�D�&+06/���,Q�WKH�PRGHO�<HDU�������WKH�ILUVW�UHDU
FRPELQDWLRQ�OLJKWV��WDLO�OLJKW��EUDNH�OLJKW�DQG�WXUQ�LQGLFDWRU��ZLOO�HPHUJH�RQ�KLJK�HQG�PRGHOV�LQ�WKH
86�DQG�(XURSH���2WKHU�IXQFWLRQV�VXFK�DV�VLGH�PDUNHUV�DQG�IURQW�WXUQ� LQGLFDWRUV�ZLOO�IROORZ�LQ�WKH
HDUO\�\HDUV�RI�WKH�QH[W�GHFDGH���7KH�UHDVRQV�IRU�FKRRVLQJ�/('·V�DUH���VKDOORZ�GHVLJQ�WKDW�GRHV�QRW
SURWUXGH� LQWR� WKH� WUXQN�� VW\OLQJ� IUHHGRP�� UHGXFHG� ZDUUDQW\� FRVW�� UHGXFHG� SRZHU� FRQVXPSWLRQ
�VPDOOHU�DOWHUQDWRU���HWF�� �7KH� UHG� WDLO� OLJKWV�ZLOO� FRQYHUW� IURP� LQFDQGHVFHQW� WR�/('V�TXLWH� UDSLGO\�
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ZKLOH�WKH�\HOORZ�IURQW�EHDP�LQGLFDWRUV�ZLOO�VWDUW�FRQYHUWLQJ�LQ�D�IHZ�\HDUV�DQG�HYHQWXDOO\�WKH�ZKLWH
EDFN�XS�DQG�OLFHQVH�SODWH�OLJKWV�ZLOO�IROORZ���,Q�WRWDO��WKH�DYHUDJH�FDU�ZLOO�FRQWDLQ�����OP�RI�/('�IOX[�
���� UHG�� ���� \HOORZ� DQG� ����ZKLWH�� �2SHUDWLQJ� WKHVH� /('� FKLSV� DW� ���$�FP�� ZLOO� UHTXLUH� DERXW
��PP��RI�/('�PDWHULDO�SHU�FDU���7KH�FRQYHUVLRQ�RI�WKH�SDVVHQJHU�FDU�PDUNHW�LV�TXLWH�VHQVLWLYH�WR�WKH
FRVW�GLIIHUHQWLDO�EHWZHHQ�/('V�DQG�LQFDQGHVFHQW�VROXWLRQV���7KH�UDSLG�GHFOLQH�RI�WKH�FRVW�SHU�XQLW�RI
IOX[�IRU�/('V�ZLOO�OHDG�WR�DQ�/('�SHQHWUDWLRQ�RI�!�����E\�WKH�HQG�RI�WKH�GHFDGH���7KH�WUXFN�DQG
EXV�PDUNHW�LV�OHVV�FRVW�VHQVLWLYH�DQG�IDLOHG�WDLO�OLJKWV�UHTXLUH�DQ�LPPHGLDWH�UHSDLU���$V�D�UHVXOW��WKH�86
WUXFN�PDUNHW�PDGH�D�TXLFN�DQG�QHDUO\�FRPSOHWH�FRQYHUVLRQ�WR�/('V�VHYHUDO�\HDUV�DJR�

2XWGRRU� 'LVSOD\V�� 2XWGRRU� ODUJH� YLGHR� VFUHHQV� DQG� FKDQJHDEOH� GLVSOD\V� IRU� DGYHUWLVLQJ� DUH
WDUJHW�DSSOLFDWLRQV�IRU�/('V���)RU�LQVWDQFH��D����P��YLGHR�VFUHHQ�XVHV��0��PP�/('V���7KH�/('V
DUH�DUUDQJHG�LQ�HQG�VWDFNDEOH�WLOHV���7KH�/('�GHQVLW\�LV���ODPS�SHU��FP��RI�ERDUG�VSDFH���7KH��PP
ODPS� LWVHOI�KDV� D� FURVV� VHFWLRQ�RI� ���FP��� WKXV� OHDYLQJ�����RI� WKH� VSDFH� HPSW\�� �7KH�/('� IOX[� LV
VXIILFLHQW� WR� ILOO� WKH� �FP�� VSDFH� DQG� DFKLHYH� DQ� DYHUDJH� EULJKWQHVV� RI� VHYHUDO� KXQGUHG� QLWV�� JRRG
HQRXJK� IRU�RXWGRRU� YLHZLQJ�� �$V� D�PDWWHU�RI� IDFW�� WKH�/('� LV� WKH� WHFKQRORJ\� RI� FKRLFH� IRU� ODUJH
YLGHR�VFUHHQV���LW�LV�WKH�WHFKQRORJ\�ZLWK�WKH�ORZHVW�FRVW�RI�WKH�HPSW\�VSDFH�EHWZHHQ�WKH�SL[HOV��WKH
FRVW�RI�D�WZR�VLGHG�SULQWHG�FLUFXLW�ERDUG���7KLV�LV�IDU�FKHDSHU�WKDQ�DQ\�JODVV�EDVHG�GLVSOD\�WHFKQRORJ\�
$QG�VLQFH�WKH�/('V�DUH�GLUHFWO\�YLHZHG�DQG�XQILOWHUHG��WKH�SRZHU�FRQVXPSWLRQ�LV�IDU�ORZHU�WKDQ�IRU
DQ\�RWKHU�FRPSHWLQJ�GLVSOD\�WHFKQRORJ\�

/RZ�)OX[�:KLWH�/LJKW�$SSOLFDWLRQV

7KHUH� DUH� PDQ\� OLJKWLQJ� DSSOLFDWLRQV� WKDW� DUH� VHUYHG� E\� ORZ� SRZHU� LQFDQGHVFHQW� RU� KDORJHQ
ODPSV���)RU�LQVWDQFH��D���:�LQFDQGHVFHQW�EXOE�JHQHUDWHV����OP��ZKLOH�D���:�FRPSDFW�KDORJHQ�ODPS
JHQHUDWHV� ���OP�� � ,Q� WKLV� ORZ�IOX[� UDQJH� IURP� �������OP� LQFDQGHVFHQW� DQG� KDORJHQ� ODPSV� DUH
UHODWLYHO\�LQHIILFLHQW�DQG�WKH�HQHUJ\�VDYLQJV�IURP�/('·V�FDQ�EH�VLJQLILFDQW��HVSHFLDOO\�IRU�DSSOLFDWLRQV
ZLWK�������KRXUV�RI�RSHUDWLRQ�SHU�GD\�

6KHOI�/LJKWLQJ���,Q�PDQ\�UHWDLO�RXWOHWV�WKH�PHUFKDQGLVH�LV�LOOXPLQDWHG�E\�ODPSV�PRXQWHG�RQ�WKH
XQGHUVLGH�RI�VKHOYHV�� � ,QFDQGHVFHQW�DQG�KDORJHQ� ODPSV�DUH�TXLWH�KRW�DQG�SURWHFWLYH�VXUIDFHV�PDNH
WKH� ODPS� IL[WXUH� TXLWH� EXON\�� � )OXRUHVFHQW� ODPSV� UHTXLUH� SURWHFWLRQ� DJDLQVW� WKH� KLJK� RSHUDWLQJ
YROWDJH�� �/('�EDVHG�VROXWLRQV�DUH�QHDUO\� LGHDO�� �FROG��FRPSDFW��HIILFLHQW��GLPPDEOH�� ORQJ�RSHUDWLQJ
OLIH��ORZ�YROWDJH��HWF�

7KHDWHU�6WDLU�/LJKWLQJ�� �/RZ�SRZHU� OLJKWV� DUH�RIWHQ�XVHG� WR� LOOXPLQDWH� VWDLU� VWHSV� LQ�GDUNHQHG
WKHDWHUV�RU�WR�LOOXPLQDWH�IOLJKWV�RI�VWDLUV�RU�JDQJZD\V���7KH�OLJKWV�FDQ�HLWKHU�EH�PRXQWHG�LQWR�WKH�VWDLU
VWHSV�RU�WKH\�FDQ�EH�ZDOO�PRXQWHG��9HU\�RIWHQ��ZDOO�PRXQWHG�XQLWV�UHTXLUH�D�YHU\�GLUHFWLRQDO�EHDPV
ZDVWLQJ�D�ODUJH�IUDFWLRQ�RI�WKH�OLJKW�IURP�DQ�LQFDQGHVFHQW�OLJKW�EXOE���7KH�VXSHULRU�GLUHFWLRQDOLW\�RI
DQ�/('�EDVHG�GHVLJQ�VKRXOG�OHDG�WR�VLJQLILFDQW�HQHUJ\�VDYLQJV�

$FFHQW�/LJKWV���$FFHQW�OLJKWV�DUH�XVHG�LQ�UHWDLO�VKRSV�WR�KLJKOLJKW�PHUFKDQGLVH���,Q�WKH�UHVLGHQWLDO
PDUNHW� WKH�PDLQ�DSSOLFDWLRQ� LV�GHFRUDWLYH�FHLOLQJ� OLJKWLQJ�RU�KLJKOLJKWLQJ�DUWZRUN�� �7KH�PDMRULW\�RI
WKH�DSSOLFDWLRQV�XVH�LQFDQGHVFHQW�RU�FRPSDFW�KDORJHQ�ODPSV���/('�EDVHG�VROXWLRQV�ZLOO�FRQWULEXWH�WR
HQHUJ\�VDYLQJV��ORZHU�PDLQWHQDQFH�FRVW�DQG�UHGXFHG�ILUH�KD]DUGV���6LQFH�PRVW�DFFHQW�OLJKWV�UHTXLUH�D
KLJKO\�GLUHFWLRQDO�EHDP��/('V�VKRXOG�KDYH�D�VXEVWDQWLDO�SRZHU�DGYDQWDJH�RYHU�LQFDQGHVFHQW�ODPSV�

/DQGVFDSH�3DWK�/LJKWV�� �7KHVH� OLJKWV� DUH� XVHG� WR� SURYLGH� RULHQWDWLRQ� LQ� SXEOLF� SODFHV� VXFK� DV
SDUNV��JDUGHQV��RIILFH�JURXQGV��HWF���0RVW�OLJKWV�XVH�ORZ�YROWDJH��LQHIILFLHQW�LQFDQGHVFHQW�ODPSV�DQG
/('V� FRXOG� PDNH� D� FRQWULEXWLRQ� WR� HQHUJ\� VDYLQJV�� � $OVR�� ORZ� YROWDJH� RSHUDWLRQ� VKRXOG� UHGXFH
LQVWDOODWLRQ�FRVW�

)ODVKOLJKWV�� � ,QFDQGHVFHQW� ODPSV� LQ� IODVKOLJKWV� KDYH� FKURQLFDOO\� SRRU� VKRFN� UHVLVWDQFH�� �0DQ\
IODVKOLJKWV�DUH�WKURZQ�DZD\�ZKHQ�WKH�LQFDQGHVFHQW�ILODPHQW�EUHDNV�GXULQJ�D�GURS���7KH������OP�WKDW
DUH�QHHGHG�FDQ�HDVLO\�EH�SURYLGHG�E\�DQ�/('�VRXUFH���$W�������OP�WKH�/('�DGGV�������WR�WKH�FRVW
ZKLFK�LV�TXLFNO\�PDGH�XS�E\�H[WHQGHG�EDWWHU\�OLIH�
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,Q� WKLV� $SSHQGL[�� ZH� JLYH� D� VLPSOH� FDOFXODWLRQ� RI� WKH� EUHDNHYHQ� WLPH� RYHU� ZKLFK� WKH� HQHUJ\
VDYLQJV�GXH�WR�/('�UHSODFHPHQW�RI�DQ�LQFDQGHVFHQW�ODPS�HTXDOV�WKH�GLIIHUHQFH�LQ�LQLWLDO�ODPS�FRVWV�
7KH�UHVXOWV�DUH�VKRZQ� LQ�)LJXUH�%��IRU�D�VWDQGDUG����:� LQFDQGHVFHQW� ODPS�DQG�DQ�/('�ODPS�RI
HTXLYDOHQW�IOX[���7KH�DVVXPSWLRQV�ZH�KDYH�PDGH�IRU�LQFDQGHVFHQW�ODPS�DQG�/('�FRVW��OLIHWLPH�DQG
HIILFLHQF\� DUH� OLVWHG� LQ� 7DEOH� �� DQG� LQ� WKH� LQVHW� WR� )LJXUH� %��� � :H� GR� QRW� H[SHFW� � VLJQLILFDQW
LPSURYHPHQWV� RYHU� WLPH� IRU� WKH� LQFDQGHVFHQW� ODPS� WHFKQRORJ\�� EXW� GR� H[SHFW� VLJQLILFDQW
LPSURYHPHQWV�IRU�/('�WHFKQRORJ\���,Q�SDUWLFXODU��ZH�DQWLFLSDWH�WKDW�WKH���°&�/('�HIILFLHQF\�ZLOO
VWDUW�DW���OP�:�LQ�������LQFUHDVH�WR���OP�:�LQ������DQG�OHYHO�RII�DW���OP�:�LQ������

1RWH�WKDW�WKH�EUHDNHYHQ�WLPH�LV�D�VWURQJ�IXQFWLRQ�RI�WKH�GXW\�F\FOH��L�H���WKH�IUDFWLRQ�RI�WLPH�WKH
OLJKW� LV�RQ�GXULQJ�D�GD\�� �7KH� ORQJHU� WKH�DYHUDJH�GDLO\�EXUQ� WLPH�� WKH� VKRUWHU� WKH� LQWHUYDO�EHWZHHQ
LQFDQGHVFHQW�ODPS�UHSODFHPHQW��ZKLOH�ZLWK���������KRXU�OLIHWLPHV�/('V�QHYHU�QHHG�WR�EH�UHSODFHG
RQ�WKH�WLPH�VFDOH�RI�WKLV�FDOFXODWLRQ���7KHUHIRUH��WKH�ORQJHU�WKH�DYHUDJH�GDLO\�EXUQ�WLPH��WKH�KLJKHU�WKH
UHODWLYH� FRVW� RI� WKH� LQFDQGHVFHQW� ODPS� VROXWLRQ�� DQG� WKH� VKRUWHU� WKH� EUHDNHYHQ� WLPH�� � ,I� WKH�/('
ODPS�KDV�D�XVHIXO�VHUYLFH�OLIH�VLJQLILFDQWO\�H[FHHGLQJ�WKH�EUHDNHYHQ�WLPH��WKHQ�WKH�DGGLWLRQDO�HQHUJ\
VDYLQJV�DUH�D�ERQXV�

)LJXUH�%����%UHDNHYHQ�WLPH�IRU�/('
ODPSV�DV�D�IXQFWLRQ�RI�GDLO\�RSHUDWLQJ
KRXUV��IRU�WKH�SURMHFWHG�HIILFLHQFLHV�LQ�WKH
<HDUV������������DQG��������7KH�VROLG
XSSHU�FXUYHV�DUH�EDVHG�RQ�/('�IOX[HV
HTXDO�WR�LQFDQGHVFHQW�ODPS�IOX[HV���7KH
GDVKHG�ORZHU�FXUYHV�UHSUHVHQW�DSSOLFDWLRQV
ZKHUH�WKH�/('�VROXWLRQ�VXEVWDQWLDOO\
UHGXFHV�OLJKW�VSLOODJH�DQG�WKXV�UHTXLUHV�RQO\
����RI�WKH�IOX[�RI�DQ�LQFDQGHVFHQW�ODPS�

7KH� VROLG� OLQHV� UHIHU� WR� /('
ODPSV�ZLWK� WKH� LQGLFDWHG� SURMHFWHG
HIILFLHQFLHV� IRU� WKH� <HDUV� �����
����� DQG� ������ � )RU� LQVWDQFH�� LQ
������ IRU� D� ODPS� ZLWK� DQ� DYHUDJH

RSHUDWLQJ�WLPH�RI����KRXUV��D�UHWDLO�SULFH�RI������NOP�DQG�DQ�HIILFLHQF\�RI���OP�:�� WKH�EUHDNHYHQ
WLPH� LV� ���� \HDUV�� 7KLV� LV� D� PDUJLQDO� SD\EDFN� VLWXDWLRQ� DQG� SHQHWUDWLRQ� ZRXOG� EH� TXLWH� OLPLWHG�
0RUHRYHU��DOWKRXJK�VXFK�ORQJ�DYHUDJH�GDLO\�RSHUDWLQJ�WLPHV�DUH�QRW�WKDW�XQFRPPRQ�LQ�LQGXVWULDO�RU
FRPPHUFLDO�DSSOLFDWLRQV��WKH\�DUH�UDUH�LQ�UHVLGHQWLDO�DSSOLFDWLRQV�����%\�������KRZHYHU��LPSURYHPHQWV
LQ�HIILFLHQF\�DQG� UHGXFWLRQV� LQ� FRVW� VKRXOG� UHGXFH� WKH�GDLO\�RSHUDWLQJ� WLPH� IRU� D� ��\HDU�EUHDNHYHQ
WLPH�WR���KRXUV���1RZ�/('�ODPSV�PDNH�HFRQRPLF�VHQVH�LQ�PDQ\�UHVLGHQWLDO�DSSOLFDWLRQV�

,Q� DGGLWLRQ�� LQ�PDQ\� DSSOLFDWLRQV� FRQYHQWLRQDO� ODPSV�ZDVWH� D� VLJQLILFDQW� IUDFWLRQ� RI� WKH� OLJKW�
,QH[SHQVLYH�OXPLQDLUHV�WUDS�OLJKW�RU�VHQG�LW�LQWR�XQZDQWHG�GLUHFWLRQV���OLJKW�SROOXWLRQ���������ZDVWH
RU�ORVVHV�DUH�TXLWH�FRPPRQ���/('�ODPSV�DUH�IDU�VXSHULRU�LQ�WKLV�UHVSHFW�DQG�RXU�VWXGLHV�KDYH�VKRZQ
WKDW�D����OP�/('�ODPS�FDQ�VXEVWLWXWH�IRU�D�����OP� LQFDQGHVFHQW� ODPS� LQ�PDQ\�DSSOLFDWLRQV��6LQFH
WKH�LQLWLDO�/('�FRVW�LV�SURSRUWLRQDO�WR�WKH�IOX[�UDWLQJ�RI�WKH�ODPS��WKLV�HIIHFW�FXWV�WKH�SXUFKDVH�FRVW
DQG�WKH�HQHUJ\�FRQVXPSWLRQ�LQ�KDOI�

�����������������������������������������������������
��� ,W� VKRXOG�EH� QRWHG� WKDW� WKLV� DQDO\VLV� GRHV� QRW� LQFOXGH� DQ\�PDLQWHQDQFH� ODERU� WR� H[FKDQJH� WKH� EXUQW�RXW� LQFDQGHVFHQW
ODPSV���7KH�EUHDN�HYHQ�SLFWXUH�LPSURYHV�LQ�IDYRU�RI�WKH�/('�ZKHQ�PDLQWHQDQFH�ODERU�FRVWV�DUH�VLJQLILFDQW�
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Electricity cost 0.1 $/kwh

Incandescent lamp cost 0.5 $/lamp

Incandescent effic iency 15 lm/W

Incandescent life 1,000 hours

LED life 100,000 hours
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:LWK� WKHVH� DVVXPSWLRQV�� WKH� EUHDNHYHQ� WLPH� LV� VXEVWDQWLDOO\� UHGXFHG�� DV� VKRZQ� LQ� WKH� GDVKHG
OLQHV�RI�)LJXUH�%����)RU�D�GDLO\�RSHUDWLRQ�RI���KRXUV�WKH�EUHDNHYHQ�WLPH�LV�OHVV�WKDQ���\HDUV�LQ�����
DQG�OHVV�WKDQ�HLJKWHHQ�PRQWKV�LQ��������1RZ�WKH�FRVW�RI�DQ�/('�ODPS�LV�SUDFWLFDOO\�HTXLYDOHQW�WR�WKH
HOHFWULFLW\� FRVW�GXULQJ� WKH� OLIH�RI����� LQFDQGHVFHQW� ODPSV�� �7KLV� DUJXPHQW� VKRXOG�EH�FRPSHOOLQJ� WR
EXGJHW�FRQVFLRXV�KRXVHKROGV�

$33(1',;�&���(&2120,&�02'(/�2)�/('�3(1(75$7,21�,172
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,Q�WKLV�$SSHQGL[��ZH�GHVFULEH�D�VLPSOH�HFRQRPLF�PRGHO�IRU�WKH�LPSDFW�RI�/('�SHQHWUDWLRQ�LQWR
VSHFLDOW\�DQG�JHQHUDO� OLJKWLQJ�PDUNHWV�� �7KH�PRGHO�GHSHQGV�RQ�D�QXPEHU�RI�DVVXPSWLRQV��VRPH�RI
ZKLFK� FKDUDFWHUL]H� OLJKWLQJ� DQG� HOHFWULFLW\� XVDJH� JHQHUDOO\�� DQG� RWKHUV� RI� ZKLFK� FKDUDFWHUL]H� /('
FRVW��SHUIRUPDQFH�DQG�PDUNHW�SHQHWUDWLRQ�

7KH�DVVXPSWLRQV�WKDW�FKDUDFWHUL]H�OLJKWLQJ�DQG�HOHFWULFLW\�XVDJH�JHQHUDOO\�DUH�OLVWHG�LQ�7DEOH�&��
$FFRUGLQJ� WR� '2(� UHSRUW� '2(�(,$����������� JOREDO� HOHFWULFLW\� FRQVXPSWLRQ� LQ� ����� ZDV
������7:K���:LWK�DQ�HVWLPDWHG�JURZWK�UDWH�RI����SHU�\HDU��WKH�FRQVXPSWLRQ�LQ�WKH�<HDU������ZLOO
JURZ�WR�������7:K���$VVXPLQJ�WKDW�����LV�XVHG�IRU�OLJKWLQJ�DQG�GLYLGLQJ�E\�WKH�QXPEHU�RI�KRXUV
SHU� \HDU��ZH� FRPSXWH� DQ� HOHFWULFLW\� FRQVXPSWLRQ�RI� ���*:�� � )XUWKHU� DVVXPLQJ� WKDW� VRPH�RI� WKH
HQHUJ\�LV�XVHG�WR�UHPRYH�WKH�OLJKWLQJ�UHODWHG�KHDW��DQG�LQ�EDOODVWV�DQG�GULYH�HOHFWURQLFV��ZH�HVWLPDWH
WKDW����*:�DUH�XVHG�LQ�WKH�OLJKW�JHQHUDWLQJ�SURFHVV�LWVHOI�

7R�HVWLPDWH�WKH�DPRXQW�RI�OLJKW�WKDW�LV�DFWXDOO\�JHQHUDWHG��ZH�PXVW�HVWLPDWH�WKH�HIILFLHQF\�RI�WKH
DYHUDJH� OLJKW� VRXUFH�� � 7KH� VSHFWUXP� RI� ODPS� HIILFLHQFLHV� UDQJHV� IURP� D� IHZ� OP�:� IRU� ORZ� HQG
LQFDQGHVFHQW�ODPSV�WR����OP�:�IRU�ORZ�SUHVVXUH�VRGLXP�ODPSV���7KH�EXON�LV�IOXRUHVFHQW�DW���OP�:
DQG�LQFDQGHVFHQW�KDORJHQ�DW���OP�:���0HUFXU\�ODPSV�DW���OP�:�DUH�LQ�EHWZHHQ���,I�ZH�DVVXPH�WKDW
��OP�:�LV�WKH�DYHUDJH�HIILFLHQF\�IRU�DOO�ODPS�W\SHV��WKHQ�WKH����*:�RI�HOHFWULFLW\�JHQHUDWHV���7OP�RI
IOX[�DW�HYHU\�LQVWDQW�LQ�WKH�<HDU��������1RW�HYHU\�ODPS�LV�OLW�DW�DQ\�PRPHQW���:H�HVWLPDWH�DQ�DYHUDJH
ODPS�XVH�RI�������7KHQ�WKH�LQVWDOOHG�ODPS�FDSDFLW\�LV���7OP����� ���7OP���)RU�VXEVHTXHQW�\HDUV�
ZH�DVVXPH�D����JURZWK�UDWH�

7DEOH�&����$VVXPSWLRQV�RQ�OLJKWLQJ�DQG�HOHFWULFLW\�XVDJH�XVHG�LQ�WKH�HFRQRPLF�PRGHOV�VKRZQ�LQ�7DEOHV�&��DQG�&��

7KH�DVVXPSWLRQV�WKDW�FKDUDFWHUL]H�/('�FRVW��SHUIRUPDQFH�DQG�PDUNHW�SHQHWUDWLRQ�DUH�HQWHUHG
GLUHFWO\�LQWR�WKH�VSUHDG�VKHHWV�VKRZQ�LQ�7DEOHV�&��DQG�&����,Q�WHUPV�RI�FRVW��ZH�DVVXPH�WKH�UHWDLO
SULFH�RI�/('� ODPSV�ZLOO� VWDUW� DW� �����NOP� LQ� ����� DQG�GHFUHDVH� ����SHU� \HDU�EHWZHHQ������ DQG
������UHDFKLQJ�����NOP�LQ������DQG�OHVV�WKDQ�����NOP�LQ��������7KHQ��EH\RQG�������ZH�DVVXPH�WKDW
LW�ZLOO�GURS����\HDU�

,Q� WHUPV� RI� SHUIRUPDQFH�� ZH� XVH� WZR� GLIIHUHQW� VHWV� RI� DVVXPSWLRQV� IRU� WKH� VSUHDGVKHHWV� LQ
7DEOHV�&�� DQG�&��� � )RU�7DEOH�&���ZH� DVVXPH� WKDW� /('� HIILFLHQF\� VDWXUDWHV� DW� ��OP�:� LQ� �����
OLPLWLQJ�SHQHWUDWLRQ�WR�VSHFLDOW\� OLJKWLQJ�DSSOLFDWLRQV�GRPLQDWHG�E\� LQFDQGHVFHQW� ODPSV�� �)RU�7DEOH
&��� ZH� DVVXPH� WKDW� /('� HIILFLHQF\� FRQWLQXHV� WR� LPSURYH� WR� ���OP�:�� HQDEOLQJ� SHQHWUDWLRQ� RI
JHQHUDO�OLJKWLQJ�DSSOLFDWLRQV�GRPLQDWHG�E\�IOXRUHVFHQW�ODPSV�

/('�SHQHWUDWLRQ�LQWR�LQFDQGHVFHQW�ZKLWH�OLJKWLQJ�PDUNHW��ORZ�LQYHVWPHQW�PRGHO�

/HW�XV�VWDUW�ILUVW�ZLWK�7DEOH�&���ZKLFK�DVVXPHV�DQ�/('�HIILFLHQF\�VDWXUDWLQJ�DW���OP�:���%DVHG
RQ�WKH�EUHDN�HYHQ�DQDO\VLV�RI�6HFWLRQ����ZH�FRQFOXGHG�WKDW�/('V�VWDUW� WR�PDNH�HFRQRPLF�VHQVH� LQ

Global electricity consumption in 2000: 10,000 TW-hours Average lamp efficiency  50 lm/W
Growth rate:                2 %/year Average light flux from lamps  10 Tlm
Electricity for lighting: 2,000 TW-hours Average lamp duty cycle 30%
Cost of electricity per unit:  0.1 $/kW-hour Installed flux capacity       33 Tlm
Cost of electricity for lighting:  200 G$/year  Growth rate of light flux 2 %/year

Lamp mark-up in retail channel from OEM price 100%
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WKH�<HDU��������7KH�EUHDN�HYHQ�SRLQW�RYHU���\HDUV�LV�DW�D�GDLO\�RSHUDWLRQ�RI����KRXUV��HYHQ�ZLWKRXW
FRQVLGHULQJ�PDLQWHQDQFH�FRVW�RU�UHGXFHG�OLJKW�ORVVHV�VSLOODJH�LQ�/('�ODPSV�UHODWLYH�WR�LQFDQGHVFHQW
ODPSV���6R��ZH�VHW�WKH������/('�SHQHWUDWLRQ�IOX[�DV�D�SHUFHQWDJH�RI�WKH�WRWDO�IOX[�DW�DQ�DUELWUDULO\
ORZ�OHYHO�RI����������%\�������ERWK�/('�SHUIRUPDQFH�LPSURYHV�DQG�FRVWV�DUH�UHGXFHG�� �%\������
/('V�FDQ�FRPSHWH�HIIHFWLYHO\�DJDLQVW�KDORJHQ� ODPSV�DQG�WKH�SHQHWUDWLRQ�UHDFKHV������� �2YHU� WKH
QH[W� GHFDGH�� WKH� SHQHWUDWLRQ� NHHSV� LQFUHDVLQJ� DQG� OHYHOV� RII� LQ� ����� DW� ����� � 7KLV� LV� QRW� YHU\
VFLHQWLILF��EXW�ZH�KDYH�WR�PDNH�VRPH�DVVXPSWLRQV�

7DEOH�&����(FRQRPLF�PRGHO�RI�/('�SHQHWUDWLRQ�LQWR�JOREDO�SRZHU�VLJQDOLQJ�DQG�LQFDQGHVFHQW�ZKLWH�OLJKWLQJ�PDUNHWV�
DVVXPLQJ�EHVW�SURGXFWLRQ�/('�HIILFLHQFLHV�DW���°&�RI���OP�:�LQ������DQG���OP�:�LQ������

:LWK�WKHVH�DVVXPSWLRQV�RQ�/('�SHUIRUPDQFH�DQG�SHQHWUDWLRQ��ZH�FDQ�SURFHHG�WR�FDOFXODWH�WKH
HQHUJ\�VDYLQJV�DVVRFLDWHG�ZLWK� LQFUHDVHG�HIILFLHQFLHV�RI�/('V�DV�FRPSDUHG� WR� LQFDQGHVFHQW� ODPSV�
7KHVH�VDYLQJV�GHSHQG��RI�FRXUVH��RQ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�HIILFLHQFLHV�RI�WKH�ODPS�UHSODFHG�DQG
WKH�QHZ�/('�ODPS��DQG�VR�ZH�PXVW�PDNH�VRPH�DVVXPSWLRQV�RQ� WKH�HIILFLHQF\�RI� WKH� ODPS�EHLQJ
UHSODFHG�� � :H� DVVXPH� WKDW� WKHVH� ODPSV� DUH� DW� ILUVW� ORZ�PHGLXP� IOX[� LQFDQGHVFHQW� ODPSV�� ZLWK
HIILFLHQFLHV�RI���OP�:�LQ��������:LWK�WLPH�WKLV�DYHUDJH�ZLOO�VKLIW�XS�WR���OP�:�DV�PRUH�HIILFLHQW�DQG
ORZHU� FRVW� /('V� VWDUW� WR� UHSODFH� KDORJHQ� ODPSV�� � 6LQFH� IRU� 7DEOH� &��� /('V� ZLOO� QRW� UHSODFH
IOXRUHVFHQW�ODPSV�WKH�UHSODFHG�ODPS�DYHUDJH�ZLOO�OHYHO�RII�DW���OP�:�

/HW� XV� GLVFXVV� WKH� NH\� DVVXPSWLRQ� RI� ���� SHQHWUDWLRQ� DURXQG� ������ �:LWK� DQ� DYHUDJH� /('
HIILFLHQF\�RI�DURXQG���OP�:� IURP������������/('V�ZLOO�EH�PRUH�HIILFLHQW� WKDQ� LQFDQGHVFHQW� DQG
KDORJHQ� ODPSV�E\��[�DQG��[�� UHVSHFWLYHO\�� VR� WKHUH�ZLOO�EH�D�VWURQJ� LQFHQWLYH� IRU� UHSODFHPHQW�� �$Q
XSSHU�ERXQG�RQ�WKH�SHQHWUDWLRQ�ZRXOG�WKHQ�EH�WKH�SHUFHQWDJH�RI�OLJKWLQJ�WKDW�LV�HLWKHU�LQFDQGHVFHQW
RU�KDORJHQ����DSSUR[LPDWHO\��������� �7KDW�XSSHU�ERXQG�FRXOG�EH�DSSURDFKHG� LI�/('� ODPS�FRVWV
FRXOG�EH�UHGXFHG�HYHQ�IXUWKHU�WKDQ�WKH��������NOP�DVVXPHG�LQ�WKLV�DQDO\VLV��DQG�LI�WKH�LQGXVWU\�FDQ
GHVLJQ�D�IDPLO\�RI�/('�ODPSV�WKDW�FDQ�EH�VFUHZHG�LQWR�H[LVWLQJ�LQFDQGHVFHQW�VRFNHWV���+RZHYHU�� LI
/('� ODPSV� UHTXLUH� QHZ� OLJKW� IL[WXUHV� WKHQ� WKH� FRQYHUVLRQ� FRXOG� EH� VLJQLILFDQWO\� VORZHU�� � 6R�� ZH
EHOLHYH� RXU� ���� SHQHWUDWLRQ� DVVXPSWLRQ� WR� EH� UHDVRQDEOH�� QHLWKHU� RYHUO\� RSWLPLVWLF� QRU� RYHUO\
SHVVLPLVWLF�

Assumptions: Cost/kWh ($) 0.1 Price Decline/Year 10% File:roland\ssl1b.xls

Avge. Duty Cycle 30% Hours/Year 8760 Industry 1000M$
SSL Lamp Life (Y) 10 Retail Mark-up 100% DOE

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Act. Flux Usage TLm 10.0 10.2 10.4 10.6 10.8 11.0 11.2 11.4 11.6 11.8 12.0 12.2 12.4
Installed Capacity TLm 33 34 35 35 36 37 37 38 39 39 40 41 41
SSL Penetration % 0.001 0.01 0.02 0.03 0.05 0.10 0.15 0.30 0.50 1.00 1.50
SSL Installed Capacity TLm 0.0003 0.004 0.01 0.01 0.02 0.04 0.06 0.12 0.20 0.41 0.62
Ann.Conversion Rate TLm 0.0003 0.003 0.00 0.00 0.01 0.02 0.02 0.06 0.08 0.21 0.21
Ann.Replacem’t Rate TLm
Ann. Convers. + Replacem’t TLm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.2
Retail Price $/kLm 100 91 83 75 68 62 56 51 47 42 39
Retail Value G$ 0.0 0.3 0.3 0.3 0.5 1.2 1.1 3.1 3.8 8.8 8.2
OEM Value White G$ 0.0 0.1 0.2 0.1 0.3 0.6 0.6 1.5 1.9 4.4 4.1
Efficiency Old Lamp Lm/W 12 12 12 13 14 15 16 17 18 18 18 18 18
Efficiency SSL Lamp Lm/W 20 25 30 32 35 38 40 41 42 43 44 45 45
Energy Saving New Inst. G$ 0.00 0.04 0.04 0.04 0.08 0.17 0.17 0.51 0.71 1.81 1.87
Energy Sav. Prev. Inst. G$ 0.00 0.04 0.08 0.12 0.20 0.37 0.54 1.05 1.76 3.57
Total Energy Savings G$ 0.00 0.04 0.08 0.12 0.20 0.37 0.54 1.05 1.76 3.57 5.44

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Act. Flux Usage TLm 12.6 12.8 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15
Installed Capacity TLm 42 43 43 44 45 45 46 47 47 48 49 49 50
SSL Penetration % 2 3 4 5 6 7 8 9 10 10 10 10 10
SSL Installed Capacity TLm 0.84 1.28 1.73 2.20 2.68 3.17 3.68 4.20 4.73 4.80 4.87 4.93 5.00
Ann.Conversion Rate TLm 0.22 0.44 0.45 0.47 0.48 0.49 0.51 0.52 0.53 0.07 0.07 0.07 0.07
Ann.Replacem’t Rate TLm 0.00 0.00 0.01 0.02 0.02 0.06 0.08 0.21 0.21 0.22 0.44 0.45
Ann. Convers. + Replacem’t TLm 0.2 0.4 0.5 0.5 0.5 0.5 0.6 0.6 0.7 0.3 0.3 0.5 0.5
Retail Price $/kLm 35 32 29 28 26 25 24 23 22 21 20 19 18
Retail Value G$ 7.7 14.1 13.2 13.1 13.1 12.8 13.5 13.7 16.0 5.8 5.6 9.5 9.2
OEM Value White G$ 3.9 7.1 6.6 6.5 6.6 6.4 6.8 6.8 8.0 2.9 2.8 4.7 4.6
Efficiency Old Lamp Lm/W 18 18 18 18 18 18 18 18 18 18 18 18 18
Efficiency SSL Lamp Lm/W 45 45 45 45 45 45 45 45 45 45 45 45 45
Energy Saving New Inst. G$ 1.93 3.85 3.97 4.09 4.20 4.32 4.44 4.56 4.67 0.58 0.58 0.58 0.58
Energy Sav. Prev. Inst. G$ 5.44 7.36 11.22 15.19 19.28 23.48 27.80 32.24 36.80 41.47 42.05 42.64 43.22
Total Energy Savings G$ 7.36 11.22 15.19 19.28 23.48 27.80 32.24 36.80 41.47 42.05 42.64 43.22 43.81

Semiconductor Lighting: Low Investment Model

Investment 2000-2010
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$QRWKHU� FURVV�FKHFN� RI� WKH� PRGHO� LV� D� FRPSDULVRQ� RI� /('� LQGXVWU\� UHYHQXH� ZLWK� HQHUJ\
VDYLQJV���6LQFH�WR�WKH�FRQVXPHU�WKH�WUDGH�RII�LV�WKH�SULFH�RI�WKH�ODPS�YHUVXV�WKH�FRVW�RI�RSHUDWLQJ�WKH
ODPS�� WKHVH� WZR� VKRXOG� DW� ILUVW� EH� URXJKO\� FRPSDUDEOH�� � 7KH� OLQH� ODEHOHG� ´2(0� 9DOXH� :KLWHµ
UHSUHVHQWV�WKH�UHYHQXH�RI�WKH�/('�ODPS�LQGXVWU\����LW�UHDFKHV�����0�LQ�������������0�LQ�������DQG
������0�LQ��������7KH�OLQH�ODEHOHG�´7RWDO�(QHUJ\�6DYLQJVµ�UHSUHVHQWV�WKH�HQHUJ\�VDYLQJV�DVVRFLDWHG
ZLWK� WKH� DFFXPXODWHG� FRQYHUVLRQV� RI� OHVV�HIILFLHQW� LQFDQGHVFHQW� ODPSV� ZLWK� PRUH�HIILFLHQW� /('
ODPSV�� � ,Q�������/('� ODPS� UHYHQXH� DQG� HQHUJ\� VDYLQJV� DUH�EDODQFHG� DQG� LQ� WKH� UDQJH�RI� ����0�
7KHUH�LV�D�VLPLODU�EDODQFH�LQ������DW���������*���,Q�WKH�����������SHULRG��WKH�SDFH�RI�LQVWDOODWLRQV�LV
SLFNLQJ�XS� WR�D� ODPS�UHYHQXH� OHYHO�RI���*��EXW� VDYLQJV� IURP� WKH� LQVWDOOHG�EDVH� H[FHHG� ���*�� �%\
������FRQYHUVLRQ�LV�VDWXUDWLQJ��EXW�HQHUJ\�VDYLQJV�KDYH�UHDFKHG����*�\HDU�DQG�FRQWLQXH�DW�WKLV�OHYHO
LQGHILQLWHO\�

:H�KDYH�FKRVHQ�WKH�VFHQDULR�RI�7DEOH�&��EHFDXVH�ZH�EHOLHYH�WKDW�WKH�LQGXVWU\�LV�OLNHO\�WR�PDNH
WKHVH� LQYHVWPHQWV�� HVSHFLDOO\� LI� JRYHUQPHQWV� SURYLGH� VRPH� ILQDQFLDO� RU� WD[� LQFHQWLYHV�� � $QRWKHU
DUJXPHQW� LV�EDVHG�RQ�WKH�PDJQLWXGH�RI� WKH�PDUNHW� WKDW� LV�FUHDWHG�E\� WKLV�QHZ� OLJKWLQJ� WHFKQRORJ\�
7DEOH�&��LQ�$SSHQGL[�&�VKRZV�D�����%�PDUNHW�IURP������WR������FRPSDUHG�ZLWK�WRGD\·V�WRWDO�OLJKW
EXOE�PDUNHW�RI�DURXQG����%���$QG�WKH�ELJJHVW�LQFHQWLYH�IRU�WKH�LQGXVWU\�WR�PDNH�WKHVH�LQYHVWPHQWV
RYHU� WKH� QH[W� ���� \HDUV� LV� WKH� RSSRUWXQLW\� WKDW� LW� FUHDWHV�� � *R� IRU� D� UHDO� EUHDNWKURXJK� LQ
VHPLFRQGXFWRU�OLJKWLQJ�HIILFLHQF\�DQG�UHYROXWLRQL]H�WKH�HQWLUH�OLJKWLQJ�LQGXVWU\�

/('�SHQHWUDWLRQ�LQWR�LQFDQGHVFHQW�DQG�IOXRUHVFHQW�ZKLWH�OLJKWLQJ�PDUNHW��KLJK�LQYHVWPHQW
PRGHO�

/HW�XV�QRZ�GLVFXVV�7DEOH�&���ZKLFK�DVVXPHV�D�VHPLFRQGXFWRU�ODPS�HIILFLHQF\�WKDW�FRQWLQXHV�WR
LQFUHDVH�EH\RQG���OP�:��WR�WKH����OP�:�OHYHO���,Q�RWKHU�ZRUGV��ZH�DVVXPH�KHUH�WKDW�WKHUH�ZLOO�EH�D
UHVHDUFK�EUHDNWKURXJK�WKDW�ZLOO�NHHS�WKH�HIILFLHQF\�RI�VHPLFRQGXFWRU�OLJKW�VRXUFHV�ULVLQJ�DIWHU�����
WR�D�WRS�SHUIRUPDQFH�RI����OP�:�E\��������7KHUH�LV�DOVR�D�FRUUHVSRQGLQJ�ULVH�LQ�WKH�SHUIRUPDQFH�RI
WKH�UHSODFHG�ODPSV�E\�DWWDFNLQJ�FRPSDFW�IOXRUHVFHQW�DQG��HYHQWXDOO\��UHJXODU�IOXRUHVFHQW��ODPSV�

7KH�UHVXOWV�RI�WKHVH�DVVXPSWLRQV�DUH�VKRZQ�LQ�WKH�VSUHDGVKHHW�RI�7DEOH�&����7KH�VHPLFRQGXFWRU
SHQHWUDWLRQ�UDWH�E\������LV�VRPHZKDW�VSHFXODWLYH���,I�WKH�66/�WHFKQRORJ\�LV�UHDOO\�VXSHULRU���[�DJDLQVW
IOXRUHVFHQW� DQG� ��[� DJDLQVW� LQFDQGHVFHQW�KDORJHQ��� WKHQ� ZH� VKRXOG� KDYH� D� OLJKWLQJ� UHYROXWLRQ� DW
KDQG���7KH�UDWH�RI�SHQHWUDWLRQ��KRZHYHU��GHSHQGV�RQ�D�QXPEHU�RI�IDFWRUV�WKDW�DUH�GLIILFXOW�WR�SUHGLFW
WRGD\�� �&DQ�ZH�EXLOG� D� FRVW�HIIHFWLYH� ODPS� WKDW� VFUHZV� LQWR�DQ� LQFDQGHVFHQW� ODPS� VRFNHW"� � 6XFK� D
ODPS�FRXOG�UHVXOW�LQ�D�UDSLG�SHQHWUDWLRQ���%XW��LW�LV�XQOLNHO\�WKDW�VHPLFRQGXFWRU�ODPSV�ZRXOG�JR�LQWR
WKH�VRFNHWV�RI�IOXRUHVFHQW�WXEHV���)RU�WKLV�PDUNHW�VHJPHQW��WKH�FRQYHUVLRQ�ZRXOG�EH�VORZ���2Q�WKH
RWKHU�KDQG��EXLOGLQJ�FRGH�FKDQJHV� IRU�QHZ�FRQVWUXFWLRQ�RU� UHPRGHOLQJ�FRXOG�KDYH� DQ� DFFHOHUDWLQJ
HIIHFW�

$OVR� QRWH� WKDW� WKH� FDYHDWV� RI� 7DEOH� &�� UHJDUGLQJ� RXU� DVVXPSWLRQV� DSSO\� KHUH� LQ� VSDGHV�� $
VLJQLILFDQW�EUHDNWKURXJK�LQ�HIILFLHQF\�LV�DQ\WKLQJ�EXW�FHUWDLQ��$�����SHQHWUDWLRQ�EHWZHHQ������DQG
�����DJDLQVW� WKH�ZHOO� HQWUHQFKHG�DQG� IDLUO\� HIILFLHQW� IOXRUHVFHQW� WHFKQRORJ\� LV� DOVR�TXLWH�XQFHUWDLQ�
%XW� LI� WKH� LQGXVWU\� FDQ� GHOLYHU� WKH� HIILFLHQF\�� WKHQ� WKH� HQHUJ\� VDYLQJV� DUH� KXJH� DQG� UHDO� DQG
FRQVHUYDWLRQ�DUJXPHQWV�ZLOO�DPSOLI\�WKH�HFRQRPLF�DUJXPHQWV���$�����UHGXFWLRQ�RI�HOHFWULFLW\�XVHG�LQ
OLJKWLQJ� WUDQVODWHV� LQWR�DQ���� UHGXFWLRQ�RI� WRWDO� HOHFWULFLW\� FRQVXPSWLRQ�� 6XFK� ODUJH� VDYLQJV� LQ� WKH
VHFRQG�ODUJHVW�HQHUJ\�VHFWRU�ZLOO�EH�GLIILFXOW�WR�ILQG�HOVHZKHUH��HVSHFLDOO\�DW�WKH�IDLUO\�PRGHVW�OHYHO�RI
WKH�SURSRVHG�JRYHUQPHQW�LQFHQWLYHV�
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7DEOH�&����(FRQRPLF�PRGHO�RI�VHPLFRQGXFWRU�OLJKW�VRXUFH�SHQHWUDWLRQ�LQWR�SRZHU�VLJQDOLQJ�DQG�LQFDQGHVFHQW�IOXRUHVFHQW
ZKLWH�OLJKWLQJ�PDUNHWV��DVVXPLQJ�VXEVWDQWLDOO\�LPSURYHG�EHVW�SURGXFWLRQ�HIILFLHQFLHV�RI��������OP�:�LQ������

Assumptions: Cost/kWh ($) 0.1 Price Decline/Year 10% File:roland\ssl1a.xls

Avge. Duty Cycle 30% Hours/Year 8760 Industry 1000M$
SSL Lamp Life (Y) 10 Retail Mark-up 100% DOE 500 M$

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Act. Flux Usage TLm 10.0 10.2 10.4 10.6 10.8 11.0 11.2 11.4 11.6 11.8 12.0 12.2 12.4
Installed Capacity TLm 33 34 35 35 36 37 37 38 39 39 40 41 41
SSL Penetration % 0.001 0.01 0.02 0.05 0.10 0.20 0.50 1.00 2.00 4 6
SSL Installed Capacity TLm 0.0003 0.004 0.01 0.02 0.04 0.08 0.19 0.39 0.80 1.63 2.48
Ann.Conversion Rate TLm 0.0003 0.003 0.00 0.01 0.02 0.04 0.12 0.20 0.41 0.83 0.85
Ann.Replacem’t Rate TLm
Ann. Convers. + Replacem’t TLm 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.4 0.8 0.9
Retail Price $/kLm 100 91 83 75 68 62 56 51 47 42 39
Retail Value G$ 0.0 0.3 0.3 0.8 1.3 2.4 6.6 10.3 19.0 35.1 32.9
OEM Value White G$ 0.0 0.1 0.2 0.4 0.6 1.2 3.3 5.1 9.5 17.5 16.4
Efficiency Old Lamp Lm/W 12 12 12 13 14 15 16 17 18 19 20 22 24
Efficiency SSL Lamp Lm/W 20 25 30 33 36 40 42 44 46 48 50 55 60
Energy Saving New Inst. G$ 0.00 0.04 0.04 0.12 0.19 0.37 1.04 1.67 3.21 5.92 5.61
Energy Sav. Prev. Inst. G$ 0.00 0.04 0.09 0.21 0.40 0.77 1.81 3.48 6.69 12.61
Total Energy Savings G$ 0.00 0.04 0.09 0.21 0.40 0.77 1.81 3.48 6.69 12.61 18.22

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Act. Flux Usage TLm 12.6 12.8 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15
Installed Capacity TLm 42 43 43 44 45 45 46 47 47 48 49 49 50
SSL Penetration % 8 10 12 15 18 22 26 30 35 40 45 50 55
SSL Installed Capacity TLm 3.36 4.27 5.20 6.60 8.04 9.97 11.96 14.00 16.57 19.20 21.90 24.67 27.50
Ann.Conversion Rate TLm 0.88 0.91 0.93 1.40 1.44 1.93 1.99 2.04 2.57 2.63 2.70 2.77 2.83
Ann.Replacem’t Rate TLm 0.00 0.01 0.02 0.04 0.12 0.20 0.41 0.83 0.85 0.88 0.91 0.93
Ann. Convers. + Replacem’t TLm 0.9 0.9 0.9 1.4 1.5 2.1 2.2 2.4 3.4 3.5 3.6 3.7 3.8
Retail Price $/kLm 35 32 29 28 26 25 24 23 22 21 20 19 18
Retail Value G$ 30.8 29.0 27.4 39.1 38.8 51.3 52.1 55.5 73.3 71.8 70.2 68.6 67.0
OEM Value White G$ 15.4 14.5 13.7 19.6 19.4 25.7 26.1 27.8 36.7 35.9 35.1 34.3 33.5
Efficiency Old Lamp Lm/W 26 28 30 32 34 36 38 40 45 50 55 60 65
Efficiency SSL Lamp Lm/W 65 70 75 80 85 90 95 100 110 120 130 140 150
Energy Saving New Inst. G$ 5.34 5.11 4.91 6.90 6.68 8.47 8.24 8.04 8.86 8.07 7.44 6.92 6.49
Energy Sav. Prev. Inst. G$ 18.22 23.56 28.66 33.57 40.47 47.14 55.61 63.86 71.90 80.75 88.83 96.27 103.20
Total Energy Savings G$ 23.56 28.66 33.57 40.47 47.14 55.61 63.86 71.90 80.75 88.83 96.27 103.20 109.69

Semiconductor Lighting: High Investment Model

Investment 2000-2010


